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EFFECT OF VARIATION OF THE MAGNITUDE AND PHASE 
ANGLE OF THE LOAD ON POWER OUTPUT IN 
COMMUNICATION CIRCUITS* 

By V. V. L. RAO. D. APVA RAO and M. KRISHNAMUR'l HI 

ABSTRACT In comninnication circuits n great deal of stress is laid on the need for exact 
matching of the load to the source \Vhil(‘ Ihif impedance matching principle is true ns a 
general rule , under actual conditions, results i|tdicnte that over a wide range of values of 
impedance on either side of the source iin])ednn^. the loss due to mismatch is not appreciable 
The paper derives conditions frw the maximulti transfer of power to load when both the 
source and load arc* complex impedances, and treating the source as a fixed tme Actually, 
it is found mathematical]) 

(i) that when mismatch of impedance must exist, it is better tr> mismateb a higbtr 
than a lower load impedance (in magnitude) ; 

( 2 a; in the case of small phase angles of source, it is also derived that, where perfect 
matching is not poSvsihle, the load phase angle should be nearer zero, and 

(2h) for higher phase angles of the source, mnlchijjig heroines critical 


T N T R O 1) (1 C T I O N 

The subject of inipedauce matching in commnnicalion circuits has been 
dealt with in several text books and journals from a very general point of view, 
most often treating both the source and the load as [)urc resistances and thus 
ignoring the phase angle or power factor of both the sotirce and the load. 
Also, often the source impedance is considered fixed and the load impedance 
variable. The object of this paper is to consider the effect on the power output 
when both the magnitude and phase angle of tlie load are Pealed as variable 
(one at a time), while the source itself is treated as a complex impedance. 
This paper also suggests choosing the magnitude of the imiiedaiice and jihase 
angle of the load where perfect matching is not possible, 

N O T A T T O N 

f I ) Zn - Impedance of the source 

(2) Z,.= Impedance of the load 

(3I Pliase angle of the source 

(4) </>i = Phase angle of the load 

(5) E = E. M. F. of the source 

(6 ) Wl — Power in the load 


* Communicated by 1 . Ramakrishna Rao 
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C () N D I T I O N vS FOR MAXIM tJ M TRANSFER 
O F P O W E R 

Any coiTimiinication network can he reduced by Thevenin’s theorem to a 
source, generating an E. M.F.,E, a comjdex impedance of the source Za in 
series with the generator and a complex load Zu. 


(Fig. i) 

Let us consider the conditions under which maximum power is transferred 
to the load. 

With the above notation and Fig. i, it is proposed to derive an expression 
for the power W». in the load. 


The power in the load is given by ; 



W,,= j|l'*x|Zu(xcos«>,, 

... (i 

But, 

111= 

... (3 

Therefore, 

W,-i E ® X 1 , 

IZu + Zs'-* 

... (3 


(Signal Training Manual, 1936) 


(4) 

“*• (5^ 
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Effect of phase angle of load on power output 


Equation {5) gives the general expression for the power in the load* It is 
often not possible to vary one or both of the factors, magnitude and phase of 
the source, while both the magnitude and/or the angle of the load can be varied 
for obtaining maximum transfer of power from the source to the load ; | Zs | 

and 0s are often fixed and | Z,. | and 0 l are usually variable. 

(a) Variation of |/i, |, keeping <pi. constant 

Glasgow (1936) says that this condition actually obtains in practice in the 
speech coil of a dynamic loudspeaker. First let us keep constant and see 
the effect on Wk by varying 1 Zl I only. 

By differentiating the expression (5) with respect to \Zu and equating 
to zero, 

we get I Zr4==t Zn I * *• (b) 

(Kveritt, 1937) 

(6) Variaiion of 0 k, keeping Zi, camiant and equal to | Zs | 

After making |Zl| = |Zm| let us vary 0,. to obtain maximum power in 
load. 

Equation (5) becomes on substituting | Z- | for | Zl I 


WK=i E|2- 


Z I cos 0K 
2 \z 7 ~^z Ti'^cos 


0s‘-~0j 


••• (7) 


(^n differentiating the above expression with respect to 0 k and equating 
to zero and solving, we get : 
sin 0K = — sin 0s 

or 01. =— 0s or (n7r + 0s) where n is old ... (8) 

Since the values of 0K other than (-“0s) result in an infinite value of Wk. 
the only possible solution is 0 l== “~0h 

Thus the two conditions for maximum power transfer to load are 


and 


(1) IZsl - IZkI 

(2) 0s = - 0K 


(c) Physical significance of the conditions for maximum transfer of power 
to the load 

The significance of equation (9) can lie interpreted thus : If both the 
magnitude and angle of the load could be adjusted, then the load impedance 
shbuld be conjugate of the generator or .source impedance, /.e., the resistive 
comi>onents should be equal, while their reactive components should also be 
equal in magnitude but opposite in sign — that is, if one is inductive, the other 
should be capacitative. 

Symbolically, if Zs = Ri + jxi ; 

then, Zl should be ; Ri — jxt 

Under these conditions, the impedances (Zl and Zs) ^re said to match and 
any deviation from these conditions is described as impedance mismatch. 
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EFFECT OF IMPEDANCE MISMATCH 

In what follows, for convenience | Z,. | and | Zs I arc denoted merely by Zi 
and Zfi. 

From equation (9), values of Zi. and tpL can be determined to obtain 
maximum power output in the load. It is often impossible to match the load 
to the source for all frequencies (e. ft. speech coil of a louds[)eakcr to the plate 
of the output tube), since the load impedance is invariably a function of 
frequency in communication circuits. 

It is therefore proposed to consider the efTecL of mismatch on the output 
(load) power. 

(a) The effect of mismatch due to a difference between the load impedance 
and source impedance Zk will be considered first, the phase angles being 
constant. 

It has been derived that for maximum output Zi, should be equal to Z. 
(vide equation 7)» In this case, the power output is : 

Ws=i|T!“ ••• (10) 

2Zs(l -h CUS0S 

When, however, \ve have tlie power output 

Ws=iiii;i“ -- VOS ... (ji) 

Z.,'-* + Zs“ + 2Z,.Z.cos<?>>.— 

Dividing (ii) by (lo) \vc have 


Wi. _ 2 ZlZk 1 1 + cos^m — 2(1 -4 ^ 

W» Z.--' + z.,2 + 2Z„z.cosi-i:r, = y y - ' — — ~ 

Zs Zji 


... (12) 


The power loss with reference to power output at matclied condition is : 


Ws~W,. 

W. 




From equation (13) the following conclusions can be drawn . — 

(1) If (pH and 01 , are constant, the percentage power loss due to an 
inequality between Zi. and Zs is solely dependent on the ratio Zl/Zk and not on 
the individual values of Zi, and Z^. 

(2) As the expression contains only the difference between 0 l and 0s and 
not tlicir individual values tJie power loss percent will be the same for a given 
Zs/Zi, although 0s and 0,, may be given different sets of values, provided (08— 0r.) 
is constant. 

( 3 ) The power loss percent will be the same for a given Zs/Zl whether the 
sign of (08 — 0 l) is positive or negative because, in either case, cos (08—^0 is the 
same. 
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Graph i 
Zs/Zl Ratio 


A graph (Graph i) has been drawn showing the variation of power loss 
with the ratio Zs/Zl on a log-liiicar graph pajjer. 

The conclusion (i) given above has been verified by calculating the power 
loss for various standard values of Zs [viz^^ 37, 50, 74, 200, 500, 550 and 600 ohms 
being the standard characteristic impedances for audio and radio-frequency 
transmission lines) and plotting the curve for Z^/Zr, versus power loss percent. It 
found that all the curves coincide for a given value of fbe curve for 

is which the value of (01, — 0s) is assumed to be 90", the values of 0s and 0i, are 
— 45 ' and +45® respectively, making the difference of 0 l and 0^ equal to 90° in 
both cases. This curve also coincides with the previous one, thereby showing 
that the curve is universal for a particular value of (0 l — 0k) 

(a) Inferences from and applications of Graph No, 1 

(i) Maximum power is transferred to the load when iZi, = Zs (0» — 0J being 
constant. 


6 


y. V. L. Rao, C. Appa Rao and M. Krishnamurthi 

(а) The output power is zero when Zl==o t. e., no power is delivered when 
the source is short-circuited. 

(Hi) The curve is syiiinietrical about Zs/Zl®= I aud an inleresting: property 
can be derived from this curve. 

If Zi and Za are two values of load impedance on either side of Zs such that 
Zi> Zs>* Za and also Zr.= y'Zi Za, then, the power loss for Zs/Zi = power loss 
for Z«/Z2, even though (Zi — Zs) > (Zs ~Z2). 

Alternatively, if Zi and Z2 are two load impedances on either side of Zs 
such that (Zi —Zb) = (Zs --Z2), then the loss of power due to the mismatch 
between Zi and Zb will be less than that due to the mismatch Z.2 and Zs so that 
an error of a few ohms on the higher side has less effect than the same numerical 
difference on the lower side of the source impedance. 

{iv) Curves have been drawn for different values of (0s in this set of 

curves that for (0fl — = o is the same as that given by Beitman (1943). It is 
found that the smaller the value of this difference the flatter will be the curve. 
This shows that for a given value of Zs /Zi., the power output will be greater the 
smaller the numerical value of (0s— 0 l) ; 

(v) when (0s —0t) is equal to ±180*", no power is delivered to the load. 
The power loss is constant and equal to 100% for all values of Zs /Zl ; and 

(vi) the curve for (0a — 0 l ) equal to zero, gives the minimum variation of 
percentage power loss for variation in the Zs/Zl ratio. 

(б) The effect on power output due to mismatch of phase angles of the 
source and load will now be considered, the impedances of the source and load 
being as assumed to be matched (Zs =Zi,). 

For maximum power output under the above conditions, 0s = ( — 0ij. 

Then the power output (Ws) = J | K |* 

2Zl.[i +COS (2 0sij 




Kl» 


I 

4Zb cos 0b 


When, however 0«=?t: — 0i. , 


the power outiiut 


fWt) = i :EI® ■ 

2Zi. (1 +COS 0!, — 01,) 


(14) 


(15) 


Dividing (15) by (14', 


WJWs 


_ 2 COS 01, COS 0. 
I + COS (08 — 01,)’ 
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The power loss with reference to power output at 
Ws " " I + cos(0.s — 0,.) 


matched condition is : 


(i6) 


The power loss values have been calculated for different vahies of 0* 
ranging from —go"’ to +90'" for five particular values of 0s namely +45 , — 45^, 
-^80"',— 80^ and o'". The results have been plotted in graph 2, 



The following inferences can be drawn from the graph : 

(1) Maximum power is delivered when 0 r,~"* 0 =., 

(2) Output is zero both when 0i.== +90° or . 

(3) At higher values of 0^, the curves become steeper on either side of the 
matching point (0i. “ '“0f')- This means that the effect of mismatch increases as 0^ 
is increased and hence at the larger values of 0s perfect matching becomes 
essential. It is therefore better to have 0s as small as possible. 

This same inference can be drawn from conclusion (v) para (a) above, where 
it is stated that for low power loss ^08-0..) should be as small as possible. The 
value of (08-00 when the angles are matched, is equal to 20s and if this is to be 
small, 0 should be small. There can be most perfect matching with regard 
to impedances and phase angles in the case of pure resistances because, in that 
case, both the conditions, 08— —0r. and 0 r — 0l— o, are satisfied (..0 k*= — 0i. = o) ; 
and maxitnum output will be delivered to the load. 
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(4) For smaller values of (up to about 50°), if perfect matchiuR is not 
possible, it is preferable to have some value between (-*0 k) and o. 

(5) When 0K is ±c)o®, the output is zero for all values of 0 l. 

Radio Iv^boratokv, 

Pkovincim, Uhomkastino Dkpaktmknt, 0(i\t ok Mxdras, 

Kiipattk, Madras. 


R K F R R K N C K S 

Roitman, M. N.. 1943, Practical Radio Klectroiiics Course for Home Study (V(d. T, 
p. 149) (Supreme Publications, Chicago) . 

Kveritt, W. R., 1937, Communication Rngiiieering, p. 51, 50 iMcGraw Hill Rook Co., 
New York) . 

Glasgow, R. S., 1936, Principles of Radio Kngineering, p. 174 (McGraw Hill Rook 
Coy,, New York). 

Signal Training Manual, 1936, Vol. 2, Part HI (H.M vS Office, Loudon). 
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MAGNETIC STUDIES ON NICKEL IONS IN CRYSTALS 

By a. MOOKHERJl 

ABSTRACT. Measurements have been made of the anisotropies and the principal 
magnetic susceptibilities of a number of crystalline nickel vsalts. With the help of these 
measurements and the available X-ray data for these crystals, the contributions of the consti- 
tuent paramagnetic units have been worked out. The coii.stants of the crystalline electric 
field have been calculated on the basis of the theory of Van Vleck, Penney and Schlapp and 
the relative contributions of the different terms in the theoretical cxpres.sions derived according 
to their theory, to the effective magnetic moments in different directions of the paramagnetic 
units have been discussed, h'inally the magnetic anisotropy has been discussed in relation to 
the Stark splitting due to the crystalline electric field. 

INTRODUCTION 

Penney and Schlapp (1932) have explained the observed deviations from 
tlie frec-ion behaviour of the effective magnetic moments of the ions in 
crystals attributing these deviations to the influence of strong and asymmetric 
crystalline fields in the neighbourhood of the paramagnetic ion. Their 
calculations are based on the assumption that the axes of the crystalline fields 
acting on the Ni'"'' ions in the crystals arc coincident. Speaking* in relations 
to the paramagnetic groups in the unit cell of the crystals, this is equivalent 
to assuming that all such paramagnetic groups in the unit cell of the crystal 
arc oriented parallel to each other. Consequently the observed crystal aniso* 
tropy represents the anisotropy of the individual paramagnetic units in the unit 
cell. But X-ray studies on the fine structure of some of the nickel salts show 
that it is not true. The different paramagnetic groups in the unit cell of the 
crystal are oriented relative to one another in such a manner as to build up the 
symmetry of the unit cell from those of the individual units. Hence the 
crystal anisotropy is only the average effect of the different groups in the unit 
cell although the mean of the principal susceptibilities remains unaffected by it. 

In this communication, the results of magnetic measurements on single 
crystal of some of the nickel salts, for which fine structure study is available, 
are correlated with the paramagnetic groups in the unit cell of the crystal and 
then discussed in the light of the theory of Penney and Schlapp. 

K X P K R I M K N T A b 

Cobalt-free nickel salts of reagent quality were used and crystals were 
growm out of aqueous solutions. 

The magnetic anisotropy was measured by the rotational method of 
Krislman and Banerjee (1934) and the absolute susceptibility along some con- 
venient direction in the crystal was measured by the balancing method of the 
2 — ifiagP*—! 
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same workers. These two measurements when eombined give the three 
principal susceptibilities in the crystal. 

R S U L T vS 

The results of measurements are collected in Tables I and 11 and express- 
ed in the usual units (io^‘ e.g.s. unit). Xn represents the gram molecular 
susceptibility along the axis of symmetry for tetragonal crystals and Xi that 
along directions normal to it. Xa, Xf> Xr represents the gram molecular 

susceptibilities along Die three crystallographic axes of a rhombic crystal ; for 
monoclinic crystals Xa rei)rescnts the gram molecular susceptibility along Uy* 
axis while greater of the two in the (oio) plane is represented by xi and the 
smaller by Xs 5 V is the angle which the ‘c’ crystallographic axis makes with 
Xi-axis. 

Effective magnetic moments of the crystals, /x,, are calculated by the 
expression =2.84 v x^ ^ j are the susceptibilities corrected for dia> 

magnetism (both for cation and anion) and i==i, 2 and 3 or II and The 
diamagnetism for Ni^^ and Co'*'^ ions were calculated to be —17.3 x io'^» and 
— 18.3 X respectively by the method of Slater as modified by Angus (1932). 
The following diamagnetic corrections were adopted for different groups as given 
by Stoner (1935) • 

SOI CHsCCHOOa HgO 

-33*6 -28.6 -13.0 


MAGNETIC ANISOTROPIES OF CRYSTALS IN RELATION 
TO THE ANISOTROPIES OF THE CONSTITUENT 
PARAMAGNETIC UNITS 


The results obtained in previous sections arc discussed in this section in 
relation to X-ray data of the fine structure of the crystals. 

NiSO^.SHqO , — This crystal has been analysed by X-ray methods by 
Beevers and Lipson {1932). It is assigned a space group with four molecules 
in the unit cell. They find that the six water molecules group round the metal 
ion and lie at the corners of an octahedron. Four of them form a square about 
ion and the remaining two lie centrally above and below the square. There 
are four such groups in the unit cell. The distance (N i Ox ) of oxygen atoms 
lying centrally above and below the square from the ion is 2.02 A. 

While the distance (NiOii) of oxygen atoms in the plane from the ion is 

a. 04 A, 

Eet the gram molecular susceptibility along (NiOi ) be represented by Kj, and 
along (NiOii) be represented by Kt. Evidently is greater than K.. The incli- 
nation (y) of Kw-axis to crystallographic axis from X-ray data is 45.8. 


— .IT «— Xa 

sin«4S.8 


Hence 
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using the values of (\'j — .r,) and from Tables I aud II, \vc obtain 


13 


K»-K„= 311) 

r X at 30 C. 
k = 4,040 • 

Therefore the anisotropy of the paramagnetic unit (AK/K) is .077. Ihe corres- 
ponding squares of the effective magnetic nioiiients are 

h? = q. 68, w2>fcio.5S, = 10.23. 

Ni(CH3(:0(:))2.4H30.— This crystal has been studied by X-ray methods by 
Hull (1Q34). Its space group is C2/1 With two inelecules in the unit cell. If the 
distribution of oxygen atoms about ihe metal ion is taken to be the same as in 
NiS04. 6H2O. «.e., four oxygens contributed by four water molecules forming a 
square about Ni-"" ion and the other two contributed by two acetate groups lie 
centrally above and below' the square, but at a smaller distance from the Ni ion 
than the other four oxygen atoms, one can calculate the anisotropy of the indivi- 
dual paramagnetic unit in the unit cell of the crystal in the following manner 
ket Zi and represent the axes of the symmetry of the tw'o units, 
(010) plane is the symmetry plane of the crystal, so the principal magnetic axes of 
one of the units is obtained from those of the other by reflection on the (010) plane. 
Since the paramagnetic unit possesses uniaxial magnetic symnietiy, xi will be the 
direction normal to the plane containing Zi and Z2 axes and Y2 will be the 
internal bisector of the angle (2\^) between Zj and Z2. 

Therefore 

Xi = K„, X2 = K. cos2t/.+ K:,sin2^, X3 = K.shi2i/^ + K,cos2^, ) 

X , XV II 

and J (Xi + Xs + X3) = 5 (K. + aKi) 

Using the experimental values from Tables ! and II we get 


K»-K«= 401 » 

4i350f at 30°C. 

2^= 80.4' 

Thus the anisotropy of the paramagnetic unit is .092. The corresponding 
squares of the effective moments are 

n? = io.28, rt?= 11.27, 10.94. 

NiSO. 7H2O —The fine structure study of this crystal by Beevers and 

Schwartz (1935) assigns it the space group V 4 with four molecules in the unit 

cell The disposition of water molecules about Ni ion is the same as 
NiS04.6Ha0. i.e. six oxygens at the corners of an octahedron with Ni* ion at 
thecentre. The seventh water molecule does not come in contact with tte 
metal ion Four out of the six oxygen atoms form a square with Ni ion at the 
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centre, the other two are situated centrally above and below the square. The 
average distance (NiOi) of oxygen atoms in the plane from the Ni’ ^ ion namely 
2.01X is smaller than the average distance (NiOn) namely 2.08.^ of the other two 
oxygens from Ni^ ’ ion. Hence K#, gram molecular susceptibility along the 
axis of symmetry of the group should be greater than Ki. gram molecular sus- 
ceptibility for directions in the plane of the square. 

If (X, P and y are the inclinations of K„ axis to the a, b and c crystallographic 
axes then we have 

and also K« —Ki = — . 

cos 008*^7 

The values of oc, P and y from X-ray data are 73.5®, 32. 8*^ and 62.0° degrees 
resi)ectivcly. These together with the data from Tables I and II give 

Ki-K„= 258) 

_• I X lo”® at 30°C. 

k= 4,050 ^ 

Hence the anisotropy of the paramagnetic unit in NiSC)4.7H20 is .064. 

The above value of AK shows that Ki is greater than K . Though it agrees 
well with that of NiS04.6H20 but disagrees w’ith the suggestions from X-ray 
data of interatomic distances in NiS04,7H20. Since slight variations, of the 
coordinates of ion and oxygens cause a great alteration in the nickel-oxygen 
distances, and since such variations are not improbable this disagreement of 
magnetic data with the proposed structure of the crystal by X-ray method is not 
a serious one. 

The squares of the effective moments of the unit are 
n? = 9.67, n? = io.57, n^==io.24. 

Nickel Tutton Salts . — Krishnan and the present author (1937) made measure- 
ments on a large number of nickel tutton .salts at room temperature. If the 
distribution of the oxygen atoms about the Ni^^ ion is the same as in 
NiS04.6H20 and NiS0<^.7H20 which will be presumably so, then the ani- 
sotropy of the paramagnetic units of the crystal, and their relative orientations 
(aV') of the groups can be calculated by using equations (i) since the crystals are 
all nionocliiiic and contains two molecules in the unit cell (Hofmann, 1931J. The 
following table gives the calculated values of (Ki — Kn) and 2^. 

It is seen from Table (III) that Ni(CH8COO)2.4H20 has the highest 
percentage anisotropy (AK/K x 100), f.e,, 9.2% while the percentage 

anisotropy for single sulplates and the tutton salts vary from 7.3% to 5.1%. 
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Table III 
Teinperatiiix 3o°C 


Crystal. 



AK^ 

K 


Anisotropy. 


NiRb2(S04)2.6IT20 
NiCs2(v>( ^4)2.6112^ ^ 
NiTl2(S04)2.6H2t) 
NiiNH 4 ) 2 <Se() 4)2 6Il2(.> 
NiK2{vSe04)2.on20 
NiRbaCvSet >4)2.611^0 
NiCs2(Se()4)2.6Il2<> 

NiTl2«Se04)2.6H2() 

Ni(NH4)2(P.F4)2.6H2() 
NiS( >4 6ll2< ) 

NiS()4 7H2( ) 
Ni(CIl3C()())o 4110 


2 SI 

: 1 , 08 .. 

261 

t 4 *^'^“ 

222 

! 

2 12 

! 4.32«. 

292 

j 4 ,ibo 


! 4 , 161 ) 

29g 

1 4 . 15 <' 

236 

; 4 , 11 .) 

213 

j 4 , 1 60 


i 4.“4“ 

25^^ 

j 4.<>5f» 

401 

! 4,35“ 


i 


88. s 

.069 

S8 5 

.064 

88 4 

•055 

84.8 

.051 

90 

.07 

88.1 

•“73 

84. 4 

.072 

87 6 

“57 

87.6 

.“53 

i 

.“77 

— 

064 

80 4 

092 


CONSTANT ( ) 1' T II K C R Y S T A L K 1 K L D 

The ^;round state of the Ni ' ’ ion is ■'F4, the overall niiiltiplet seijaration 
according to Laporte (192S) is 23.^17 Under the influence of a cubic field 

level splits up into a single and two triplet levels. In case of Ni* ion 

with positive D in equation (2) the single level lies lowest as is shown in 
figure (i). If now the spin and its coupling to the orbits is taken into 

account further splitting takes place. Penney and Schlapp (1932) have worked 
out tlie theoretical expres.sioiis for the principal magnetic moments of Ni""* ions 
in crystals assuming for simplicity that all the paramagnetic groups in the unit 
cell of the crystal are oriented pai'allel to one another. Consequently their 
expressions refer to magnetic moments in the three directions of the paramag- 
netic unit. 

The Ni * ion is considered to be subjected to an electric field which is 
predominantly cubic on which is superimposed a weak rhombic field. The 
axes of the cubic and rhombic fields are taken coincident. The potential of 
the field in the neighbourhood of the paramagnetic ion is given by 

0 =: + y* -b + Ax^ -r By" - (A F (2) 

Since all the paramagnetic groui)S are taken as oriented parallel to one another, 
the squares or the effective magnetic moments, »i'“, rt/ and w.s* of tlie paramag- 
netic unit along the c, y, and v-axes of the crystal field have the expressions — 




+ 

1 

. 'r-3'VTo(, 


1 

oc 

II 

|i + SAa,+ 

-b 



00 

11 

n 

• I + SAWg + 

+ 

.. |- 3 fcTo(, 



- (3) 
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where A is the coeflScicnt of spin-orbit coupling and is equal to 335 cm~* for 
Ni** ion. 

^i= 2 / 3 A.®(a 2 + a8-2«,) 

= 2 / 3 A*{«i -KXj - 3 « 2 ) 

^a = 2/3A®(«j + a2-20t.,) 


and *2 and are constants of the crystal field. They are connected with 
D, coefficient of the rhombic field in the following mannei — 


fi8Dgo"’i2o-)^ioD^o+ 

(i8D(7o 6rr - 6Sj^ioDgo ■1' “) = i5(3<^ + S)* 
(i8D^o”“6n- — 6S)^ioDgo + ^-^ = 15(30'“^)^ 


(4) 


where o*='a(A + B)/2 and 8 = a(A — B)/2, ^ind a arc the ratio's of the matrix 
elements of actual system with eight electrons to those for one electron system 
for cubic and rhombic field respectively. 

Hence it is possible to calculate Dqo, aA and aB from a knowledge of a*s, 
which are calculated from the magnetic measurements by the help of the 
following equations. These equations are obtained directly from (3) 

_ (Xj— (X3 _i 

2 ^ _ 2 „ 2 ^ 2 ^ 

Wa Hi W3 O 


8A- 


I 

”2 A*' 
~kr 


-sArT 


and 


eXjj + (X3 


= 3 
8 


vlz3 

sx-sief 


Table IV gives the values of D^Oi ^A and aB for the three crystals 
N'iS04.6Ha0, NiS04.7H30 and Ni(CH3COc^)2‘4H3C) for which fine structure 
data are available, n2^ and are taken to correspond nn , ni and n 1 for 
the paramagnetic unit, which possesses an approximate axis of symmetry. 


Tabi.b: IV 


1 

Crystal 


fU* 


ttj X 10*5 

cra"^ 

! 

I X 10 5 cm"^ 

I >90 

aA 

aB 


NiSO. 6 HO 

9.68 

10.51 

10.23 

-6.9 

-Q .2 

1449 

922 

922 

7.7 

NiS 0 .. 7 H ,0 

9.67 

10.52 

10.24 

-6.83 ! 

-9 25 

1464 

926 

926 

64 

Ni(CHjC 00 )i. 4 n ,0 

10.28 

1T.27 

10 Q4 

- 9*24 

-12.03 

1087 

670 

i 

670 

92 


n^and ni represents the effective magnetic moments of the paramagnetic 
unit when the magneic field is applied along and perpendicular to the symmetry 
axis of the unit and n is the corresponding mean moment. 
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It is very satisfactory that T>qo, aA and aB are very nearly equal in the 
two salts NiS04.6H2() and NiSC)4,7HaO. D^o which determines the size of 
the octahedron of water molecules about the Ni’'* ion is almost of the same size 
in the above two salts but considerably ^r^jater in Ni(CH3COO)2.4Ha(I. 

RELATIVE CONTRIBUTIONS OF THE DIFFERENT 

TERMS TO THE EFFECTIVE MAGNETIC MOMENTS 
IN DIFh'ERENT III RECT TONS OF THE 
PARAMAGI^ETIC UNIT 

Hquations (3) shows that in any dii^ction the square of the effective magnetic 
moment consists of terms which are independent of temperature and terms which 
vary with temperature. For the three salts namely NiSO^.bHaO and NiS04. 
7H2O and Ni(CH300)2.4H20 the coi^ributions by the various terms arc shown 
in Table V. 

Table V 


Contribution to //n by I Contribution to ft] by 


Crystal 

Temperature in- 
dependent term. 

j Temperature 
j dependent term. 

Temperatnre in- 
dependent term. 

1 'J*eniparatnre 
jdependent terra. 


8+64Aaj 

I 24feT« 

00 

8 + 64 Aaj 

24 A'Ta 2 

802 /kT 

NiS 04 . 6H2O 

8 +-I .479 

1 

.3488 

— -1296 

8 + 1.972 

.4688 

+.0647 

NiS 04 . 7H2O 

8 + 1.464 

■3458 

-^•1373 

8+I.9B3 

4688 

+ .0686 

Ni (CHaCOOla 4 H ,0 

8 + 1.972 

.4688 

-1592 

2 + 8.577 

.6112 

+ .0796 


It willl be seen from the above table that the temperature-dependent term 
consists of two parts; one part varying directly with temperature while the 
other inversely as the temperature. At room temperature 0 \e,, 30*^0 the 
term varyirg inversely as temperature is alomost negligible. It docs not 
contribute anything to the mean effective moment. The magnetic moment 
along the axis of symmetry of the paraxnagnetic unit is opposed by it, while it 
helps moments for directions normal to the axis of symmetry. The temperature- 
independent term greatly predominates over the contributions by other terras. 
The contribution of the term varying directly as the temperature is only 3 to 
4% of the contribution of the term independent of temperature. The 
contribution of the spin-orbit interaction between the lowest and the upper 
components of the ground-term is only 16 to 20% of the spin-only value 8. 

STARK splitting AND MAGNETIC ANISOTROPY 

If the crystalline field acting on the Ni**^ ion is purely cubic, then Dgo 
which is proportional to the Stark-splitting by the cubic field is given by 



3— i629P-^j 
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For the three salts NiS04.6H20, NiS04*7H20 and Ni(CH3C00)a.4H20 
these values are 1189, 1184 and T044 cm“' respectively. The presence of 
rhombic terms raises these values as shown in Table IV. 

The cubic part of the field determines to a first approximation the mean 
square of the effective magnetic moment i.e. its deviations from the free ion 
value and that the rhombic i>art have very little effect on though the 
whole of the anisotroiiy is due to it. For Ni^"^ ions the cubic splitting 
also influences the percentage anisotropy to a certain degree. For according 
to Van Vleck (1933), the magnetic anisotropy of Stark level for Ni^^ion 
with positive D as shown in figure (i) exists only by virtue of the difference 
between the frequencies v (ab), v(ac) and v^ad) or Ixdwceu v(ac), v(af) and v(ag). 

Since the rhombic separation is small in comparison with cubic Reparation the 
percentage anisotropy should be small. The following table gives the 
splitting by the two fields. 


Table VI 


Crystal 

'Overall Cubic 
splitting in 

Overall Rhombic splitting 
of bevel 3 (approx ) 
in cm' ‘ 

If-- 

NJS 0 .. 6 H .0 

26,100 

7,350 

7.4 

NiS 0 .. 7 n.O 

26,350 

7,320 

6.4 

Ni (CH,C 0 (> 0 ),. 4 H ,0 

23,160 

6,400 

9.2 



g- 


Tf 

1 

1 

1 

A 
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■1 
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free ion. 
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1 
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1 
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I I 

Stark patterns of Ni ion with positive D, 

Fig, 1 
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vStark pattern of ion with powsitive D. 

Fig, 2 

As will be seen from Table VI the parama^4nelic unit in the salt 
Ni(CH8COO)2 /iH 20 has the least cubic and rhombic splitting' but its anisotro])y 
is the highest of the tlirce, indeed it is the highest of all the nickel salts studied 
so far (Krishnan and Mookherji, 1937). If the rhombic splitting in tlie three 
crystals be the same, the less cubic splitting in Ni(CH8C00)2.4H20 makes the 
percentage difference between the frequencies v(ab), v(ac) and v(ad) or between 
^^(ac), v(af) and v(ag) more and hence % anisotropy is also more. As a result of 
this the general impression is that the more the rhombic splitting the more will be 
the anisotroi>y of the paramagnetic unit will not be true for ions, but will 

be true for Co ions. The Stark patterns of Co^^ ion with positive U as shown 
in figure 2 is nothing but upside down of the Stark patterns for Ni^"^ ion with 
positive D. The anisotropy of ‘g’ in Fig. 2 exists by virtue of the difference 
between the frequencies v(gf)-and v(ge), 'g' being the ground state. The overall 
rhombic splitting in case of Co(NH4)2(S04)2*6H20 as calculated by Penny 
and Schlapp (1932) with a field 20 is 480 cm’'^ hence the percentage 

anisotropy in Co^"* ion will be Very high, which will be solely influenced by the 
rhombic splitting alone. In case of ions in crystals rhombic splitting 

will produce not only all the anisotropy but also will bring down 

For comparison with Ni(CH3C00)2-4H20 we have studied & cobalt salt 
lianiely Co(Cfi3COO)2-4H20. In the paramagnetic unit of this salt whether 
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Kn is greater or smaller than Ki, the percentage anisotropy will liot vary much 
from 76% which is the highest of all the cobalt salts studied so far (Krishnan and 
Mookherji loc. cit.). Rhombic splitting seem to be very high in this salt. Taking 
the same distributions of oxygen atoms about Co"*^ ion as in Ni(CH3C00)2.4H20 
and taking Ki greater than K« one can calculate (Ki— K*) since the crystal is 
nionoclinic and contains two molecules in the unit cell (Hull, 1934). The 
magnetic constants of the paramagnetic unit are 


Kx — K„ = 7890 
K =10,630 


1 


X at 3o"'C. 


and the corresponding squares of the magnetic moments are 
w? = i3.4, n‘i = 32.8, w = 26.3, 

which approximately fit with a rhombic field 200 giving a splitting of 

2,400 cm**'. Hence it would be very interesting to study this crystal at low 
temperatures and see whether the experimental results agree with those 
calculated by Penny and Sciilapp with 0^0 = 12.000111“' and a rhombic field 
20o(x^—z^). 

In conclusion the author wishes to express his thanks to the Committee of 
Management of the Indian Association for the Cultivation of Science for the 
facilities of the Laboratory, whore the experimental works were carried out 
and also to Professor K, Banerjee, D.Sc., F.N.I. for his interest in the work. 
Thanks are also due to Mr. R. K. Sen, M.Sc., for his valuable discussions. 
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TEMPERATURE VARIATpN OF INTENSITY OF LUMI- 
NESCENCE UNDER X-RAY EXCITATION 

By H. N. BOSE 

ABSTRACT. Ihe variation of the i]ji|tciisity of X-ray luiiiinesceucc with temperature 
raugin^^ from 3o®C to i5o®C for sodium ctiloride, sodium chloride with copper, potassium 
chloride, potassium chloride with copper, po^ssiuni bromide, potassium bromide with copper, 
uranyl nitrate, naphthalene and anthracene Aas been obtained, the measuring instrument being 
a photocell with amplifying device. The variation curve is found to be of distinctly two types, 
^he intensity of luminescence for sodium cIBoride, sodium chloride with copper, potassium 
chloride and the same with copper varies wjtA temperature, at first slowly, then quickly, finally 
reaching almost a steady value in the tempetature range under investigation. For potassium 
bromide and potassium bromide with copper, possibly only the later portion of the curve is 
obtained. For others the intensity of lumitiescence is almo.st temperature independent till the 
melting point is reached when intensity falls to zero. The inclusion of copper ions does not 
seem to make anv qualitative difference in the behaviour of the phosphors. 

It has been known for a long time that temperature is an important factor 
in determining the intensity of luminescence of a phosphor. Substances are 
known which fluoresce only at low temperature. An excited electron can release 
its energy and come back to its lowest state in two ways, either with emission 
of radiation or by dissipation of energy as heat. The variation of the relative 
probabilities of the two processes will obviously depend on the behaviour of the 
normal and excited states of the crystal with change of temperature. Various 
mechanisms have been suggested by Seitz (1930), Mott (i93‘^) etc., to account for 
increase of probability of transference of excitation energy into heat with the 
rise of temperature. 

At the present time the diflSculties of directly determining the energy zones 
of even a simple crystal with sufficient accuracy are extremely great ; inspite of 
the great deal of work done up to date, the mechanism of the production of 
luminescence with all its varied phenomena is as yet obscure. It is 
not unreasonable to expect that the investigations into the variation of 
intensity of luminescence with temperature may throw some light on the mecha- 
nism of luminescence, on the nature of the radiative centres etc. The tempera^ 
ture variation of the intensity of luminescence has, as yet, received very little 
attention from the experimental workers; the only work done is that of Randall 
(1937)- He measured the intensity of luniiaescence at different temperatures 
(9 o''K-6oo®JK) for a number of sulphide phosphors* He has observed in general 
a drop in the intensity of luminescence with the rise of teiiiiperature. In certain 
phosphors, the intensity drops also at low temperatures; the cause of this drop 
is rather uncertain. Mott and Gnrncy (1940) have* however* tried to explain 
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it ou the assumption that the incident light is of a wavelength which produces 
only excitations in the lattice. His results are shown in Fig. i. 
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Fig. I 


Temperature variation of tbe intensity of fliiorcsc ent radiation 
in zinc sulphide phosphor. 

(a) Impurities Mn, Mg, Ba, Si 



Oi) 

Fig. I 

(h) Various specimens activated by Ag, Cu, Mg 

The present work differs from that of Randall in that the intensity of 
luminescence of different types of phosphors under X-ray excitation has been 
tnec^siU'ed here while Randall measured the intensity of luminescence of phos- 
phors like ZnS, ZnS + CdS etc., under ultraviolet excitation. As has been pointed 
out by Randall m ultraviolet excitation^ the constancy of the absorption 
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coefficient over wide range of temperature has to Ixi assumed. This still awaits 
experimental confirmation. The absorption coefficient of X-rays does not change 
with temperature and so the number of free electrons produced inside the, 
crystals can be taken to be the same irrespective of temperature for all practical 
purposes. 

K X P K R T M E N T A 1, ARRANGEMENT 

X-ray from a Hadding tube, rim it 30 K.V. — 5 iiiA was the exciting radia- 
tion. The intensity of X-rays coulik be kept almost steady during the small 
period of time required for a single: experiment. This could be verified by 
observing the intensity of lumiiiesceiide at small intervals at the room tempera- 
ture. Kxpcrimental substances were tciken in the form of pressed powder blocks 
which were placed inclined at nearly 4^'’ to the incident X-rays and the lumines- 
cence light focussed by a lens on the photocell. The current in the milli- 
ammetcr was first observed without the luminescent substance and indicator 
adjusted to zero. Subsequent measurements covered the range from 30® C to 
i5o°C and the substance was placed inside a iiichrotne wire heater. The 
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temperature of the sample was measured with a calibrated thermo-couple placed 
in contact with the back side of the sample. 

The measuring instruments ^consisted of a photocell (type 868 R.C.A.) followed 
by a D. C. amplifier operating a milHammeter. The voltage applied to the photo- 
cell is adjustable and may be varied between 30 to 78 volts. The D. C. ampli- 
fier has been specially designed to have linear characteristics which did not 
sensibly change with use. The photocell possesses a dark current of about 
i/iooofa microampere. Imput resistances of 0.2 megohms, 2 megohms and 
20 megohms are provided inside the meter to change the range of sensitiveness. 
A circuit diagram is shown in Fig. 2. 

The measurements were also repeated with another photovoltaic cell con- 
nected directly to the galvanometer. As only relative values are required for the 
present puri^ose, readings of the' meters have been plotted against temperature. 

R,K SUIvTS AND DISCUSSIONS 
L,uminescence of sodium chloride and sodium chloride with copper impurity • 

Temperature intensity curves are shown in figure 3. Samples of pure * 
chloride and copper activated sodium chloride were the same for which the lumi- 



(i) NaCl. (2) NaCl+Cii. 

Fig. 3 

* Fool candle meter was constrncted and calibrated in the Wireless I/aboratory of Physics, 
Calcfilt University. 
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nesceiice spectra have been photograi^hed . A fall in the intensity with the rise 
of temperature is observed in l)oth cases. 'I'lie rate of decrease, at first small, 
quickly rises to a niaximum and then falls again to almost /.ero value. The 
temperature at which the shaiq) decrease in intensity occurs is however different 
for the two samples. From the spectra of luminescence we find that the spectral 
region of emission does not appreciably change with the introduction of copper. 
However the intensity of luminescence decreases with the inclusion of copper 
ions as impurity. The temperature at which the steep fall in intensity occurs 
is also raised; the ratio of the limiting intensity of luminescence at high tem- 
perature to its intensity at .So'^C is however greater for the impure sample. 

Luntmcsccticc of (potassium rhloi ide au4 l^oinssiu ni chloiidc with cotyfyer impurity : 

In this case also all experimental samples were ])repared from the same 
material. The general nature of the results is the same as that found for 
sodium chloride. The inclusion of copper ions affects the total intensity of the 
phosphors, the temperature of maximum rate of change (d intensity, and the 
residual intensity in the same way (I'ig 4). 



Jemptraitcre 



{ 1 ) KCl. 12> KCl + Cu 

Fig. 4* 

Luminescence of potassium bromide and potassium bromide ndth copper 

impurity : . « , 

In case of potassium bronjide the intensity decreases gradually and no 
sudden decrease in intensity at a particular temperature is perceptible as in the 

4 — 1629P — I 
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preceding two cases. The inclusion of copper ions does not also seem to 
produce any great change in the behaviour of the intensity of luminescence 
of the i>hosphors with change of temperature (I'ig. s)- 




« 4 


K 


3 




H 


10 



TeTOptrdture 

(i) Klir+Cn (2) KUr 
Fig. 5 


Luminescence of uranyl nitrate : 

The change of intensity of luminescence of uranyl nitrate with rise of 
temperature is shown in Fig. 6. The intensity of luminescence remains constant 
within experimental accuracy and suddenly falls to zero value at about 59 C 
Uranyl nitrate used here was the hydrated variety containing six molecules of 
water of crystallisation. This hydrated uranyl nitrate melts, i.e.. dissolves in 
its water of crystallisation, at about 59°C. The abrupt cessation of luminescence 
is therefore due to the breaking up of the lattice of the solid state. 

] Mfiihicsccnce of naphthalene : 

The temiierature-intensity curve of naphthalene is shown in Fig. 7* The 
intensity of luminescence remains approximately constant up to about 80 C 
where naphthalene melts and ceases to show any perceptible luminescence. 

Lruminescence of anthracene ; 

Anthracence melts at about aidoC. The results of measurements above 
i50®C are not very accurate. The general nature of results appears to be t e 
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same as that in the case of naphthalene or uranyl nitrate. The intensity of 
luminescence does not vary appreciably with temperature till the melting point 
is reached when the intensity suddenly drops to zero (Fig. 8). 

All substances have been purilied by repealed crystallisation before use; 
howevei it is quite possible that they nevertheless retained traces of unknown 



'iVmpcratiire 

Fig. 6 

impurities. Levy and West (1939) measured, by the spectroscopic method, the 
intensity of fluorescence and phosphorescence of zinc sulphide and found that it is 
greatly affected by minute traces of impurity. It is therefore difficult from the 
present measurement alone to come to a definite conclusion about the intensity 
of luminescence of the pure phosphors and the effect of inclusion of a particular 
impurity. Inspite of this limitation it is however reasonable to think that the 
present investigation yields certain general results which are at least qualitatively 
correct. 

The temperature variation of intensity of luminescence is found to be 
distinctly of two kinds. Crystals like naphthalene, anthracene and uranyl nitrate 
retain much of their molecular character in the solid state. The aromatic 
molecules like those of naphthalene and anthracene possess electrons which are 
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free to move round the molecule; possibly these are the electrons which are also 
responsible for the optical behaviour of crystals. In the case of uranyl nitrate 
the optical electrons of UO-, group are responsible for the luminescence spectra; 
for, under ultraviolet excitation uranyl salts are found to fluoresce in the 
crystalline state as well as in solution; the fluorescence spectra in the two states 
are also identical except that the bands emitted in solution are more diffuse. 



20 40 *0 »0 


Temperature 

Fig. 7 

In naphthalene, anthracene and uranyl nitrate, the optical electrons, though 
excited, do not leave the molecules or atomic groups to which they belong. In 
such crystals the intensity of luminescence is almost independent of temperature. 
There is thus an apparent connection between the rapid extinction and photo- 
ionisation of molecules. 

Since the mass absorption coefficient of X-rays is independent of temperature, 
the number of photoelectrons produced per second within the crystal by the 
incident X-rays may be assumed to be constant. These electrons moving inside 
the lattice in all directions suffer collisions with the electrons and nuclei of the 
crystal and excite some of the optical electrons. The results of the present 
investigations show that the number of inelastic collisions suffered by the 
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photoelectrons with the molecules of a crystal is noi much iiilluenccd by rise of 
temperature at least within the range of temperature iinder coiisideraticm. 



'reniperatiirc 

Fig. 8 

The iiiechauism of luminescence of sodium chloride and potassium chloride 
crystals will be discussed in a separate paper (lyUiiiinesceiice of solids under 
X-rays). Without making any assumption as to the nature of the radiative 
centres we can assume that the iiuinbei of centres where the electron can 
release its energy as radiation is not vciy large ; in general the released electron 
conies back to the valence band without emission, releasing its energy as heat ; 
otherwise the efficiency of luminescence would have been much larger. Kven 
at those centres there is a probability that the nou-iadiative transitions should 
occur ; Peierls (1032) has considered the po.ssibility of such transition. Though 
it is not yet possible to give quantitative data, he finds that the probability of 
non -radiative processes increases rapidly as the temerature is raised. In order 
to be able to interpret the cruve in detail we need furthei knowledge about the 
radiative centres. If the centres be such as have been created by X-ray itself 
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^stoichiometric excess of sodium) then the rate of decrease of intensity of lumine- 
scence will be determined by the rate of production of such centres. Such 
centres created probably by the trapping of electrons will be brought back to 
their normal state by their release of thermal energy. In that case the sudden 
fall in intensity will occur at a temperature at which the trapped electron finds 
it most convenient to be rescued from the trap. The residual intensity may be 
due to the presence of a temperature independent mechanism for radiative transi- 
tion even in these crystals. This is further justified by the i)resence of two 
bands in the spectra, one of them being rather sharp. 

The behaviour of i)otassium bromide seems to be just intermediate l>elween 
the two kinds of phosphors considered. It thci'efore appears that in potassium 
bromide two types of centies — one like that of uranyl nitrate and another similar 
to those in NaCl or KCl — are [iresent ; possibly only the later portion of the 
curve is obtained there. 

The effect of inclusion of copper ions on the intensity of luminescence 
leads us to the conclusion that, unlike the thalium activated sodium chloride 
under ultraviolet excitation, in X-ray luminescence the impurity ions (at least 
the copper ions) are not directly responsible for the luminescence. The imi)urity 
influences the luminescence indirectly in this case ; the intensity is decreased 
slightly, which is analogous to the quenching effect found in certain cases of 
ultraviolet excitation. In those cases the effect is explained as collision of 
second kind with the quencher whereby the energy is transferred without emis- 
sion. In solids the mechanism cannot be the same ; but it is ]>ossil>le that some 
of the excited electrons release their energy near the imjmrity centre without 
radiating. 

My thanks are due to Prof. S. N. Bose, Khaira Professor of Physics. 
Calcutta University, for facilities of work in his laboratory and for his kind 
interest during the progress of the work. 

I am also indebted to Prof. S. K. Mitra, (xhosc Professor of Physics for 
having lent the Foot candle meter. 
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Cai<cutta Univkrsity. 
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ON THE X-RAY DIFFRACTION PATTERNS OF 
BLEACHED JUTE FIBRE 

By S. C. SIRKAR'= and S. K. CHOWDHURY 
Plates IA & IB 

ABSTRACT. The half widths of the (oeja), (020) and (i2f)l n'flct'tioiis from jute fibre of five 
trade qualities in the bleached condition hav^ be<‘n compared with those rthserved in the case 
of these fibres before bleaching. Tt is observed that the width of both (ou2) and (120) reflec- 
tions becomes smaller and that of (020) reflection becomes larger with the bleaching of the 
fibre in the case of high qualitv white, Tos.sa and White top jute, but no marked change in 
the half widths of the reflections is ob.scrved with the bleaching of the fibre in the ca.se of low 
quality White and Chinsnra green jute fibre. Tt is pointed t)nt that in the ca.se of the former 
three qualities some of the linkages between the gluco.se residues are damaged on bleaching 
the fibre and thereby the length of the chain is diminished. Side bonds, however, are formed 
even in absence of the lignin molecules and the width of the inici lles is thereby increa.sed 
in the.se ca.ses v»n bleaching the fibre. Itlis alsfi pointed out that of all the (jualities studied 
Tossa (high (luality) has the large.st chain length. 

I N 'f R O D t) C T I O N 

In the i)reliminary investigations on the structure of bleached jute fil)re 
Sirkar, Saha and Budra (1044) observed that a faint broad ring passing through 
the (002) reflection in the pattern due to the untreated jute fibre disappears on 
bleaching the fibre. Later Sirkar and Saha (1946) pointed out that the results 
obtained by them in the case of high quality Bogi jute fibre indicated a diminu- 
tion of the length of the micelles with the bleaching of the fibre. As these 
results have some bearing on the methods which may be employed for restoring 
the strength of the bleached jute fibre, the width of the (020I, (002) and (120) 
reflections has been studied in the case of high quality White and Tossa, White 
top, low quality White and Chinsura green jute fibre in the bleached condition 
and these results have been compared with those observed in the case of these 
fibres before treatment. The results have been discu.ssed in the present ])aper. 

E X R E R 1 M H N 'r A I. 

Small bundles of samples, each about one foot in length, were collected 
to represent the five qualities of jute fibre mentioned above from the large 
bundles kindly supplied by the Director, Technological Reseach Laboratories, 
Indian Central Jute Committee. A small portion of each of these samples 
was dried in the sun and weighed. It was then bleached in aqueous solution 
of CIO2 for two days, washed “d dried in the sun and , was again weighed. 
A loss of about io% in the weight was observed in each case after the fibre had 

Fellow of the Indian Physical Society. 
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been bleached. The X-ray diffraction patterns due to these bleached fibres were 
obtained with a technique similar to that used by Sirkar and Saha (1946). 
In each case the pattein due to the original untreated sample was also obtained 
under identical experimental arrangements. 'I'he slit system was narrow enough 
to allow the (020) reflection U) be recorded clearly in the photograph of the 
diffraction pattern. Microphotometric records of the (002), (020) and (120) 
reflections were obtained with a Moll type self recording microphotometer. 
Care was taken to allow the spot of light focussed on the film to move through 
the middle of each of these reflections across its width. 

R K vS TT Iv T S & D I S C IT s S I O N 

The photographs of the patterns due to four of the five qualities studied 
are reproduced in Plate TA. Those due to low quality white have not been 
reproduced. It is observed that in the case of all the five qualities the faint 
ring passing through the (002) reflection disappears completely with the bleaching 
of the fibre. This indicates that lignin in cellulose is amorphous and has a 
diffuse spacing of about 4.0 A.U. This is in agreement with the results obtained 
by Wedekind and Katz (1929) in the case of lignin extracted from cellulose, 
who also observed only one diffuse ring corresponding to a spacing of 4.0 A. IT. 
The intensity of this ring observed iii the case of jute fibre, however, is two 
small to account for the presence of 10% of lignin in the fibre. This fact 
shows that lignin is present only in very thin layers and the number of grating 
elements in the total thickness is too small to produce any diffraction pattern 
of large intensities. If the lignin molecule be quite large and the thickness 
of the layer of lignin within the fibre be such as can accommodate only one 
molecule, the x-ray pattern will hardly resemble the diffraction pattern due to a 
liquid or an amorphous substance, but on the contrary, it will resemble the 
pattern due to gaseous scattering which is diffuse and of small intensity. This 
feebleness of the ring due to lignin observed in the case of jute fibre probably 
indicates that the major iiortion of lignin present in the fibre forms a layer only 
about a molecule thick. A similar phenomenon has been observed by Katz and 
Mark (1925) in the case of absorption of water by cellulose fibre. Up to a 
certain percentage of water absorbed by the fibre they observed only a diffuse 
scattering which increased in intensity with the increase in the percentage of 
water absorbed and the ring due to water appeared only when the fibre was 
macroscopically wet. 

Some of the microphotometric records obtained for measuring the widths 
of the (020), (120) and (002) reflections are reproduced in Plate IB which shows 
that although the (002) reflections produce large densities (020) reflections are 
rather feeble. Attempt has, however, been made to calculate the values of W2 
and nia which denote the number of times the unit cell is repeated along the 
h-and c-axis respectively by Laue's method employed previously by Sirkar and 
Saha (1946). The results are given in Table I. It can also be seen from Plate II 
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that the half width of (120) reflection diminishes slightly on bleaching the fibre 
in the case of high quality White and Tossa jute and White top jute. 

Tabi.!? I 


Quality of jute 

Half width in radian 

i 


1 (')20) 

(002) 

ftt-z j 

High White 

.012 

.022 

II 

8 

,, ,, bleached 

.015 

.018 

9 

10 

High Tossa 

.009 

.022 

15 

8 

,, ,, bleached 

.011 

.01 8 

12 

10 

While top 

.Oil 

.023 

12 

8 

,, bleached 

0.014 

.019 

10 

9 


The results given in Table I show that in the case of each of the three 
qualities mentioned the chain length diminishes on bleaching the fibre while the 
value of niQ increases. No such changes were observed in the case of low quality 
White and Chinsura green. In the case of bleached White top jute was 
calculated from the microphotonietric record of a second photograph obtained with 
smaller exposure because the (002) reflection has infinite density in the record 
reproduced. The results given in Table I show that some of the oxygen bridges 
between glucose residues are broken up when lignin is removed by C102» but 
the side bonds attach more such units together to increase the thickness of the 
micelle in absence of lignin. Hence it appears that although lignin molecules 
do not enter into the lattice of cellulose the micelles are held together by these 
molecules probably through some form of secondary bonds. 

The values of m2 are calculated in the present investigation direct from the 
width of (020) reflection and are therefore more accurate than those calculated by 
Sirkar and Saha (1946) from widths of other reflections. It is significant that 
high quality Tossa which has a strength larger than that of all the fibi*es studied 
has also the longest chain length This fact corroborates the conclu- 

sion drawn by Sirkar and Saha (1946) from the results obtained by them that 
besides the presence of lignin, the length of the micelle is also partly responsible 
for the strength of the fibre. It is now quite evident from the above discussions 
that lignin does not act as a mere cement but some secondary chemical bonds 
are probably involved in making the jute fibre quite strong inspite of the fact 
that the length of its micelles are about onc-tenth that of the micelles in ramie. 
The OH group of water absorbed by bleached jute fibre probably further weak- 
ens the oxygen bridges already damaged during removal of ftgnin and the chain 
length is still more diminished, so that in the wet condition bleached jute fibre 
possesses practically negligible tensile strength. Any attempt at restoring the 
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strength of the bleached fibre should therefore be directed at finding some reagent 
which may help in the formation of bridges between neighbouring glucose 
residues, increasing thereby the length of the chain. 
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ON THE RAMAN SPECTRA OF A FEW ALIPHATIC 
KETONES AT LOW TEMPERATURES 

By S C. SIRKAR* and B. M. BlSHUl 
fpiale II) 

ABSTRACT. The Raman spectra of iccloue. diethyl, methvl-ethvl aiid di-w-propyl 
ketone have been studied in the solid state a0l about - j7c>‘‘C and in the liquid state at the room 
temperature. The polarisation of the Ram^ lines in the liquid state has also been studied, 
ft is observed that some of the prominent Raman lines undergo changes in position and 
intensity with the solidification of the substances at the low temperature. The line 1705 
cin.~' due to the oscillatiion of the C — O group seems to be diminished in intensity in the solid 
state in the case of acetone, diethvl ketone and di-n-propyl ketone. A new line is observed 
in the low frequency region in each of the spectra of solid methyl, ethyl and diethyl ketone. 
These results have been discussed. 

INTRODUCTION 

The Rainaii spectra of a few aliphatic sulphides were studied previously 
in the solid state at low temperatures by the present authors (Sirkar & Bishui, 
1943) and it was observed that some of the Raman lines undergo changes in 
frequency and intensity with the solidification of the substances at low tem- 
peratures- These changes indicate distortion of the molecules and in some cases 
probably formation of secondary association bonds between them, giving new 
lines in the low frequency region. The alternative explanation regarding the 
origin of the new lines in the low frequency region is that they are due to some 
types of lattice oscillations in which only electrostatic intermolecular field is 
involved. If this second explanation be correct it is expected that molecules 
having similar structure would give similar lines in the low frequency region in 
the solid state. In order to elucidate this point the investigations have been 
extended to four aliphatic ketones, the molecules of two of which are similar to 
those of two of the sulphides studied earlier, with the only difference that the 
sulphur atom of the sulphides is replaced by the C =0 group. These results arc 
discussed in the present paper. 

EXPERIMENTAL 

The technique used in th 6 present investigation for studying the Raman 
spectra of the substances at the low temperatures is the same as employed in the 
previous investigation (Sirkar & Bishui, 1943)- The substances studied are 
acetone, diethyl, methyl ethyl and di-n-propyl ketone. All these liquids were 
obtained from Kahlbaum's original bottles and redistilled in vacuum* The 

* Fellow of the Indian jWiysical Society. 
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polarisation of the Raman lines due to the liquids have been studied by photo* 
graphing^ the horizontal and vertical components simultaneously with the help 
of a double-image prism. The Fuess spectrograph used in the investigation 
gave a coma extending upto al)out 38 cm-' on the Stokes side of 4046 A. U., 
and therefore the presence of any new Raman line with a Icjwer frequency shift 
could not be detected. Inspite of the special care taken to solidify the substances 
slowly in order to obtain a homogeneous transparent mass, the spectrum of the 
scattered light showed the presence of strong continuous background due to 
extraneous light, and therefore it has not been possible to record all the faint 
Raman lines in the solid state. The spectrogram due to solid acetone, however 
was found to be quite satisfactory. For these reasons no special care has been 
taken to record all the faint Raman lines in the liquid state of these substairces. 


RRSUhl'S AND DISCUSSION 


The results are given in Table I-IV. The polarisation of the lines is indicated 
by the letter P and total depolarisation by D. The approximate intensities are 
given in parentheses. The lines in the low frequency region (A v <Ci20 cm”') 
and those with higher frequencies are discussed separately in the following 
paragraphs* 


Tabi.k 1 
Acetone 


Diquid at about 30*0 

' Solid at about — i7o®C 

Previous authors 

Present authors 

Present authors 

392 (a) D 

39a (i) e ; D 

95 (ob) k ? 

487 (D ^ 

487 (0) e ^ 

527 (a) P 

528 (3) e, k;D 


789 (S» P 

790 (8) e, k ; P 

800 (3) e, k 

903 (0) ? 

903 (0) e, k ; P 

1065 (i) P 1 

1065 (i) e, k ; P 

1062 (0) e, k 

1231 (l) D 

1222 (2) k ; D 

1358 (0) k ; P 

1358 (0) P 

I 4«3 (ah) D 

1423 (4b) e, k ; D 

1430 (1) e, k 

1705 (5) € ; P 

1702 (2) e 

1705 (s) P 

2689 (0) ? 

2690 (0) e, k ; P 

3857 (ob) ? 

2857 (ab) e, k ; P 


3923 (10) P 

2923 <io) e, k; P i 

29^5 ( 5 ) C. k 

3964 (4) — 

3006 (4) — 

3964 (3) e, k ; D 

3976 (3) e, [k] 

3006 (3) e, k ; D | 

3008 (3) e, k 
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Table II 

Diethyl Ketone 


lyiqmd at about 3o"C 


Kohlrausch and Koppl 


228 (o') c 
342 e, c 
408 f3b) k, c, c 
589 (i) k, f, e 
728 (1) 

1092 f2b k, e 

1155 'o)e 

1230 (o) c 

1418 (4b) k, V 
1457 (/[h) k, e 


171o± 8 <4b) f, e 
2670 (O; k 
28oo (5b) k 
2882 (7b) k, i, e 
2916 (8» k, i, e 
2936 (lob^ p, k, i, e 

2979 q, p, k, e 


Prcsettt autlior.s 


406 '3b) e, k , 1* 

746 (2b) c, k , J‘ 

786 (2b' c, k ; 1* 

950 (lb) e, k ; P 
1010 (lb) e, k ; I* 

1093 e, k ; P 
1238 (2)k ; r 
1271 (o» k ? 

1418 (2b) e, k-j P>u.5 

1460 (3b) e, kJ <6/7 
1706 (5b) e; P 


2893 (lob) k, q ; P 
2940 (10) e, k, q ; P 
29^ f6) e, k q, p>.5<6/7 


Solid at about — i7o‘’C 
Present authors 


95 (3t>) ^ ? 

417 (lb) V 

789 (lb) V, k 

9.S(» (ib) e, k 

1005 (ob) c, k 
1095 (1) e. k 

1418 (lb) 

1460 (1) V , k 
1702 (lie 

2890 (ob) k 
2920 (2/ e, k 
2048 (4) c, k 
2982 (3) c, k, q 


Table III 

Methyl Kthyl Ketoue 


Liquid at 30 °C 




Solid at about — i7o“C 



Present authors 

Kohlrausch and Kopp! | 

1 lYcsent authors 


258 (1) e, k 

260 (i) c ; I) ? 

90 (2) k ? 

408 (3) c, e, k 

401 (3) e, p<6/7 



510 (0) e ? 


592 (3) c. e, f, k 

590 (4) e, k ; P 

590 fib) e, k 

763 (7) c, e. f, k 

760 (8) e, k ; P 

770 (2) e, k 

812 (0) e 



947 (lb) e, k 

950 (ib) e [kj; P 


1001 (ib) e, k 

1002 ib) e, k ; P 


1088 (3) e, k 

logo (4) e, ic ; P 

1090 (0) e, k 

1165 (i) e, k 

1170 (3 k ; P 


t247 (i> e. k 

1252 (i)k ? 


1412 (3b) e, k 

1350 (i) e, k? 


1450 (3b) e, k ^ 

1419 (5) e, k ; I) 

1416 (1) e, k 


1460 (4) e. k ; 

1460 (0) e 

1711 4; 10 (3b) e, f 

1705 (6) e ; P 

1702 (ob)e 

2917 (xob) e, i, k, q 

2890 (5) e, k ; P 

2896 (i) k 

2900 '6b) e, k, p, q 

2932 (lob) e, k ; P 

2982 (5h) e, k 


2986 (5) e, k ; D 

2986 (3) e, k 


3004 (2b) e, k ; D 

3000 (i) k 
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Table IV 

Di n-i)ropyl Ketone 


Liquid at’ about 32 

Solid at abf>at -~i7o”C 

Kolilransch and Koppl ^ 

T*reseiit authors 

Present authors 

305 (5) e, f, k 

308 (2)c; ? 1 

1 90 (ob) k ? 

424 (ib) e 


230 (0) e 

527 ti) e 

520 (ob) e ; ? 

308 (0) e 

529 (i' e 



626:(^) e 



716 (2) c, k 

720 (ob) f, k ; ? 


814 (j) e,^k 

' 


866 (2) e. k 

870 i'ob) e, k ; ? 


914 (4) e, k 

914 (i) t, k ; ? 


1037 (3b) e, k 

1038 (4d) c, k ; P 

1038 (id) 

1114 (3b) e, k 

1118 (2) e, k ; P 


1201 (1) e, k 

i2o6 (ob) k ; ? 


1269 (i) e, k 

1270 (0) k ; ? 


1288 (i) e, k 

1290 (0) k ; ? 


1410 (4b) e, k 

1415 (2) e, k ; D 


1443 (7sb) e. k 

1458 (5) e, k ; D 

1440 (i) 

1707 ±8 (4b) e, f 

1705 <5) e ; P 

1700 (i) 

2735 (2) k 

2740 (3) k ; ? 


2875 (12b) e, i, k 

2880 (10) e, k ; P 


2913 (lo) e, i, k, q 

2918 (4d; e, k ; P 

2886 (3) 

2938 (10) e, i, k, q 

2942 (10) e, k ; P 

292s (3) 

2966 (9) e, k, q 

2974 (5) e,*k ; D 

2966 (3) 


IvINBS IN THE LOW FREQUENCY REGION 

In all these cases a new line at about 95 on the Stokes side of 4046 
A.U. has been observed in the spectrograms due to the solid state. A weak 
broad band is, however, present exactly in this place in the spectrum of the 
incident light also. Hence it is difficult to say whether this line is a genuine 
new Raman line appearing in all these cases. Excitation by 4358 A.U. does not 
help to solve this question, because there is a strong mercury band at this 
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distance on the Stokes sid2 of that line also. Careful examination of the 
si>ectrogram shows that in the case of dietliyl and methyl ethyl ketone there is 
actually a new line at about 050*11 * and go cm"”* respectively superpt)sed 011 the 
band observed in the incident spectrum. Hence it can be concluded that there are 
no new lines of frequencies larger than 38 cm“’ in the Raman spectrum of solid 
acetone, although two lines at 70 and 80 cm"* ate observed in the case of solid 
methyl sulphide. These results are therefore not explained satisfactorily by the 
hypothesis that these new lines are due to lattice oscillations in which only 
electiostatic fields take part. Similarly in the case of di-w-piopyl ketone the band 
at 95 cm"^ is very weak and may be the same band observed in the incident 
spectrum, but in the spectrogram due to solid ethyl suli)hide there is an intense 
band of frequency q6 cm.“' These r^ults rather indicate that the nature of 
the new lines in ti e solid state is someljiow dependent upon the presence of some 
particular atoms in the molecule, e g , the sulphur atom in the case of alkyl 
sulphides and oxygen in the case of ketones. More data, however, are required 
before such a hypothesis can he substantiated. 

C FI A N O E S O h v8 E R V E D 1 N T TI IC L I N E 8 D IT I? T ( ) 

I N T R A M () E E C IT Iv A R ( ) S C I h ly A T 1 O N vS 

Acetone . — Before discussing the results obtained in the case of solid 
acetone we shall first discuss those due to the liquid state in order to find out 
the symmetry of the molecule in this state. If the two CH3 groups were 
rotating fieely about the C-C bond the molecule would not possess any symmetry 
element and all the Raman lines would be polarised. Since some of the lines 
are found to be totally depolarised the molecule has some elements of symmetry. 
The number of Raniau lines expected in the case of a symmetry C^*, is indicated 
in Table V. It can be seen that eight polarised and sixteen totally depolarised 


Table V 

Acetone CH3.CO.CH3 



E C.^ ^'9 

w, TAR yi\ Raman effect. 

^2 

I 1 I 1 

I I -I - I 

I -I I -1 

I -1 -I 1 

9 I B 

\ 1 A n 

937 u 

7 2 5 u 

Ur 

1 

10 2 ■ 6 2 



30-2 6 2 


hi^/ 

24 0 6 2 



Raman lines arc expected in this case. The polarisation was studied previously 
by Simons (1932) and has been studied by the present authors also. The number 
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of polarised lines actually observed suggests that the molecule possesses the 
symmetry C21, in the liquid state and there is no free rotation about the C-C 
bond. 

In the solid state the line 1705 cm'* shifts to 1702 cm'* and is weakened 
considerably. The line 790 cm'* and the C-H lines 1423 cm'* and 2964. cm'* 
shift res])ectively to 800 cm'*, 1430 cm'* and 2976 cm'*. These changes 
suggest that the molecule is distorted in the solid state. The presence of con- 
tinuous background due to extraneous light made it difficult to find out whether 
some of the fainter lines are actually x>r^sent in the spectrogram due to the solid 
state or not. 

Diethyl ketone . — The results given in Table II show that in the case of 
diethyl ketone in the liquid state none of the lines is totally depolarised. This 
shows that the molecule does not possess cither any plane of symmetry or a 
twofold axis of rotation. Although the values of factor of depolarisation of the 
lines 1418 cm'*, 1460 cm'* and 29B8 cm'* are all greater than 0.5 yet they are 
found to be less than 6/7. In this case also the line 1706 cm'* due to C = 0 
group shifts to 1702 cm'* and diminishes in intensity at the low temperature. 
The line 2893 cm'* which accoiding to Kohlrausch and Kdppl (1934) consists 
of two lines at 2882 cm'* and 2916 cm'* was not clearly resolved into two com- 
ponents in the spectrogram obtained with the Fuess spectrograph used in the 
present investigation, but at the low temperature in the solid state this line is 
split up into two sharp lines 2890 cm'* and 2920 cm'*. As can be seen from 
Table II the lines 2940 cm'* and 29S8 cm'* due to C — H valence oscillations 
shift to 2948 cm'* and 2982 cm'* respectively in the solid state. In this case 
all the prominent Raman lines appear in the spectrogram due to the solid state. 

Methyl ethyl ketone.^^ln the case of methyl ethyl ketone although two 
dificrent groui^s are attached to the C=0 group the molecule possesses a jilane of 
symmetry, because all the lines 1419 cm'*, 1460 cm'*, 2986 cm'* and 3004 cm'* 
are found to be totally depolarised, in the present investigation. The polarisa- 
tion of the Raman lines of this substance was also studied previously by Simons 
{1932) and the line 406 cm'* and these lines except 3004 cm'* which was not 
resolved in his spectrogram were reported to be totally depolarised. The 
line 406 cm'*, however, is not observed in the present investigation to he totally 
depolarised. In this case also the line 1705 cm'* diminishes in intensity in the 
solid slate. Besides this line, the line 1170 cm'* was not clearly visible in the 
spectrogram due to the solid state owing to the presence of strong continuous 
background. The hydrogen lines do not undergo much changes in intensity 
with the solidification of the substance but two of them, e.g,, 2890 cm'* and 
3004 cm'* shift to 2896 cm'* and 3000 cm'^ respectively* Kohlrausch and 
K6i:)pl (1934) reported only two hydrogen lines 2917 cm'* and 2980 cm'*, 
probably because these were not resolved into their components by the spectro- 
graph used by them. The changes mentioned above may be due to distortion 
of the molecules in which the hydrogen atoms are involed. 
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DUn-propyl feeiane.— Most of the Raman lines due to this substance in 
the liquid state are found to he polarised. As in the case of methyl ethyl ketone 
some of the hydrogen lines are totally depolarised. Hence the molecule seem 
to possess a plane of symmetry or twofold axis of rotation. All the Raman 
lines due to this substance excepting those due to the C-H valence and bending 
oscillations are very weak. Hence the Raman spectrum due to the solid state 
obtained in the present investigation is incomplete. The hydrogen lines 2880 
cm'*, 2gi8 cm"^, 2942 cin“^ and 2Q74 cm*' are observed to change to three 
lines 28S6 cm'^ 2925 cm" and 2966 cin’^^ in the solid state. The line 1705 cm“^ 
is weakened in the solid state in this case also These suggest changes in the 
intermolccular field and probably some <$ii^tortion of the molecule also in the 
solid state. ' 

The spectrogram due to the solid di->t?!propyl ketone at — 170^0 shows a very 
intense broad fluorescence band in the region of 4020 A.U No trace of such 
fluorescence is observed in the liquid state, as can be seen from Plate II. It has 
been found that this fluorescence does not appear immediately with the 
solidification of the substance at about —32^0, but it appears only when the 
solidified mass is further cooled down. At first the fluorescent spectrum consists 
of a continuous broad band starting from about 4020 A.U. extending upto about 
5300 A.U., but when the temperature reaches about — I70°C the band becomes 
stronger and narrower and the inaxinium occurs at about 4920 cm Another 
faint band at about 5200 A.U. was visually observed, but it was not recorded in 
the spectrogram due to insensitivity of the plate in this region. These results 
were leported briefly iu a previous coniraunicatiou (Sirkar and Bishui, 1945)* The 
enhancement of the intensity of feeble fluorescence bands due to impurities at 
low temperatures is well known, but the results obtained in the present investiga- 
tion are different from such well known phenomenon in this respect that the 
spectrogram due to liquid di-n-propyl kdtone is absolutely free from fluorescence 
and it is only the strain produced by contraction of the solid at low temperature 
which gives rise to such a strong fluorescence. The intensity of the fluorescent 
radiation observed in this case seems to be larger than that of the total 
scattering, because although extraneous light was present in the scattered light 
and the spectrum was photographed with a narrow slit of the spectrograph the 
band is found to be more intense than any of the undisplaced lines. 
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A CALCULATION OF THE DIAMAGNETIC SUSCEPTIBILITY 
OF LL, NA+ AND K' FROM THOMAS-FERMI 
CHARGE DISTRIBUTION 

By OM PARKASH SHARMA 

ABSTRACT. After n hrit f outline <»f the present theories of di.\nrignetisnj, Hie 

iinpjrtanee of the “electron subtraction” method for (’alcnlatini» the finite ion-radius is pointed 
out. The ionic radii of L/i^, Na*" ;mi< 1 K' are e.ilenLited bv this methijil grapliii'allv from 
Thonia.s-reniii statistical charge distribution Using the value of the values of xm f<^r 
bi^, Na ami are then calculated \s t'ointiared with otliei tlicDretical values the results 
obtained bv the aidli )r agree b Tier with Hie experimental vnlue.s. A useful and very simple 
curve tracer is also described. 


I N T R () I) U C T 1 o N 

According to the classical theories of diainagiietisni, the effect of a 
nia.^nctic field (IT), on a system composed of c-kclrons in nioticm about a fixed 
nucleus, is ecjuivaleiit (to a first approximation) to the imposition on the 
system, of a uniform rotation about the field direction (Larmoi precession) with 

an angular velocity where «)„ is the ))recessional frequency, other 

2)IIC 

constants having the usual significance. This rotation of ekrtorns produces a 
magnetic moment opposed to tlie field. The atomic diamagnetic susceptibility 
is given by the expression (Pauling (1927). 


XA= ~ -- ‘--5- ~u'siuT/fc 
4nic i 


(/•) 


where rt sin^* is the projection of n, the distance of the kih electron from the 
nucleus, normal to the field direction and ri“siu“fi'j: is the time average of 
rjt® sin^Ok. If the system under consideration has got an initial magnetic 
moment, both diamagnetic and paramagnetic effects are ])reseDt,the magnitude 
of the latter being much greater. If tlie system, however, has initially zero 
magnetic moment, which is true for spherically symmetrical cliarge distribution 
of the closed-core type, there is no paramagnetic effect. 

For systems with spherically symmetrical charge distribution, the quantum 

theory gives 

sin®^c = 2/3ift* 


Tt 

omc k 


2 


thus 


X, = 
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or 


Xm =- 


Le^ 

6 m 



2.83X 


(//) 


where* h is the Avogadro's number. 

Van Vlcck (1032) and Pauling (/oc. cit.) have calculated the expression for 
Tfc® from the new quantum mechanics. From the charge distribution conception 
of atoms, Pauling has calculated the diamagnetic susceptibility for inert -gas 
like configui^ations The calculated values, however do not agree with the 
experimental values, probably due to some error in the determination of the 
screening constants. 

A very useful method of computing the charge distribution in spherically 
symmetrical systems has been dcveloi)cd by Hartree (1028). The method, 
though very laborious and appioximte, has been applied to a number of pro- 
blems. Stoner (1934) has calculated the diamagnetic susceptibilities of a number 
of ions in the following manner. 

If dN/f/r denotes the ladial charge density in electrons per unit radial 
distance 





dN 

dr 


dr gives the total charge in the ion, the diamagnetic susceptibility from 


(h) is JAT 

Xm=~2.83Xio’« / 

J dr 
0 

Tvxpressing the radial distance (r) in atomic units (.528 x cm.) 


(///) 


XM= -2.83 X io^‘H.528x 

0 


dp 


dp 


where and no = .528x 10 ^ cm.; 

Oi) 

hence = ^*790 x lo' 




(iv) 


Dcicrminatiori of the ionic radii and ihc calcuiaiion of x 
The values of x (Table II) as determined experimentally from solutions or 
solid alkali halides, differ from those theoretically calculated from relation (iv) 
or those given by Slater, Pauling, etc. The difference is genuine, and may be 
accounted for on the following lines. 

(loldschmidt (1940) has suggested that in alkali halide cry.stals the elec- 
tronic charge of the ion is not extended to infinity hut may be supposed to be 
present in a definite region. This ‘rigid-sphere’ concept, though not very 
sound, may be nearer to the actual state of affairs. In the present work the 
ionic radius pi<m (or the radius of the rigid sphere in Goldschmidt’s words) has 
been determined by the “electron subtraction” method, used by J. N. 
Nanda (1945). This method has been preferred, on account of the fact that 
it takes into account the effect of the presence of the valence electron on the 
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charge in the ion. Ihe effect oi the iiei>>hbouriiig ions, however, has not been 
taken into account. The above idea, coiiibii^ed with the effect of the neighbour- 
ing ions, will be useful for the exact theoretical calculations of x of the ions in 
crystals and also in solutions. 

The p\oM is determined from the atomic field given by Thomas and 
Lerini (1928) using the electron subtraction inetluKl. I'homas-Fermi lield has 
been used as it is easier and less lalx)rious than oilier methods. Imoiii the 
statistical calculations, h'ermi has shown that the number of electrons in an 
atom (At. No. = Z) is given by 


^ pcio ^ 




where p is in atomic units and x some liinction of />. Substituting the values 
of the constants the integral becomes 


1-195 




Thoinas-Fcrrai charge distribution for Li, Na and K and their ionic radii (^^') 
on electron subtraction ineOiod 

Fig. I 

The integral is evaluated graphically by plotting between p and 
and, the region of the valence electron being determined from 

/ p—^ H 1 


and pion determiued from the graphs (Fig. i). The ordinate scales for the 
three are different. 
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[While plotting tht\sf graphs on a big graph ijaper ^561^1 X 430111) it is found that it is very difficult 
to draw a smooth curve of such a length The 'Frciichcnrve&’ obtainable in the market are not 
of much use. Out of nccessit3" a very simple curve tracer named ((i.V.) w'as designed. A thin 
silicon steel strip about 40 cnis. k^iig 1.7 cnis. wide and .(>34 cm thick, cut troni a transformer 
stamping is taken. A piece of lead sheet of the same length, 1.5 ems wide and about .15 cm. 
thick is bent and fixed along llic length of the strip, covering nearly .8 cm. of its width. A 
thin layer of lacquer poli.sh is applied on lead (as otherwise the lead stains the graph paper and 
the hands) and the lower corners of the strip rounded. This, in simple, is the curve tracer. 
When a curve i.s to be drawn, the is bent to the jiropcr shape of the curve and the curve 

traced. After use it is placed over a plane smlace and straightened by siinultaneonly pressing 
and rubbing it w'ith the hand. Tin's has saved nintdi of my time and iinneceSvsarv trouble of 
rubbing]. 

The values of pioii for Li ^ Na^ and as delermiiicd by electron subtrac- 
tion method arc coinj^arcd with those found by f aoldsclimidt (1940) and Huggins 
and Meyer by different methods (Table I). 


Taiu.k J 
ionic Radii 





Ion 


No. 

Ion 

(k)l(lschinitll 

TInggin.s and 
Meyer 

Klectron* 

wsublraction 

method 

1 


.78 X 

•475 ^ 

.C85A 

2 

Na+ 

X 

.875 A 

»- 75 y ^ 

3 

K+ 

'• 35 ^ 

I 1S5 A 

i.qgO X 


Now for the determination of Xm Stoner has suggested that for ions in crystals 
and in solutions a limit will be imposed to the diaiiiagnetically effective ^Sf>reacr 
of the charge distribution and we further suppose that the valence electron of 
the alkali atom, which is bound to the halide atom due to its electron — affinity, 
thus forming it a negative ion, is still equally effective on the remaining charge 
in the alkali ion, as it is in a free alkali atom. Hence theiefore we shall consider 
the susceptibility integral for the total atom and restrict the integration to finite 
/Dion, thus in place of (/r) we have 

/ Pioii S T; 

(x^rp-df>. 


The integral is evaluated graphically (Fig. 2), The ordinate scales are different 
and zero has been shifted. The values of xm as determined for Li,^ Na"^ and 
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by llic author arc coiiipaicd with the theoretical aiul exi)ei imeiilal \alues obtained 
by others. (Table II, taken from Bhatiiagar and Mathiii (it)3.s) to which the 
year of the pievious work and the values calculated by the present author have 
been added.) 

'[ AlllJi II 

G } am- 1 o n ic Susccl^ii bill lie s 




Theorctica 

1 valucvs 


ICxiicriniciital values 

Ion 

1 ’all ling 

! 

Stoner 

(Ilartrcc) 

j 

Slater 

(liriiiclly) 

193 ^ 

Shaiina 

1945 

I ItK'ai t 
1929 

1 

I’ascal j 

1 

K i do 1 

3 93 -’ 1 

i 

Ikcn* 
ine> cr 
1929 

Ivi^ 

0.63 

' 1 

1 

.67 

[ 

1 3 20 

j 

... 


1 

1 .6 1 


Na+ 

4.2 

5-47 

A .2 

! Jo 89 

8.2 + .9 

7 6 

7.6 

30.4 

K- 

16.7 

17.64 

14 4 

1 19 <-‘6 1 

16.5+ 9 

16.0 

1 3 .6 1 

16.9 


Tlie values obtained by the author a^ree better, esijecially foi I^i and ISa^ 
with the recent experimental values. 


A C K N O W b K 1 ) G M B N T S 

In the end I wish to thank Dr. H. R. Sariia of the cTovt. College, Lahoie, 
for his valuable suggestion and Mr. J. N. Nanda and Dr. A. M. Mian, whose 



48 


Om P . Sharmot 


inspiration made me do iliesc calculations. I must *also thank Prof. J. H. Seth 
under whose patronage the work was completed. 

I must thank Mr. J. N. Naiida for lending me the manuscript of his paper 
and constant help that he gave me at every step. 


* These are ionic radii for free i('iis, only the fjekl of the valence electron being taken inb. 
account. 
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ULTRA VIOLET BANDS OF ZINC IODIDE— PART I 

V 

By P. TIRUVENGANNA RAO and K. R. RAC^ 

(Plate III) 

ABSTRACT. A brief system as D) consisting of about ten diffuse bands, 

is detected among the bands of the z.ine iodide inoleeule, in the region A — 3^93 and 
found to have the same final state as the svsiem (here designated iis C) pievionsly established 
by Wieland. Ihc vn’ew is advanced that the t\v<» systems aic* ('omponeiits of an elt ctronic 
transition 'TI — -2 with the =ir intcrv.'ii 370 cms~\ agreeing closelv with the value 3S6 
cnis"‘, predicted by TTovvcll for the zinc halide bands. The occurrence of a third system 
K is also reported. 

I N T II 0 D II (3 T I 0 N 

In a recent paper, Howell (1943) photogrplied the emission spectrum of HgF 
in a high frequency discharge and analysed the ultra violet bands into two 
systems wliich he considered as components of a single doublet system arising 
from the electronic transition The set>eralion of level was 3040 

cm""^ which agrees very closely with the atomic coupling constant 4205 
cm“"^ for the mercury atom corresponding to the 6s 6p‘^P state. Further as 
Cornell (193S) has pointed out in the case of HgCl, the two systems in HgF 
occur near the mercury resonance line A 2537. From these two features, 
Howell concluded that the electronic transition involved in the emission 
spectrum of HgF should essentially be between non-bonding or atomic 
orbitals. If this view is correct, the same feature must present itself in the 
band systems of all the halides of mercury, cadmium and zinc, as i)oiiilcd 
out by Howell. 

Tvxtending the study of the emission bands of tlie HgCl molecule, Rao 
and Raniachaiidra Rao (19 confirmed the existence of a similar ^H— 
transition band system w\th the ‘^H separation equal to 3890 . A doublet 

separation of the same order (353*^ cm”^) was round by Rao, Sastry and 
Krisbnaniurly, (1944) also in the Hg I molecule between the C and i) systems. 

Howell, applying this argument to the known band systems of CdF,CdCl 
ZnF and ZnCl, found in each case the occurrence band systems ascribable 
to — ^2 electronic transition with ^H interval agreeing with the coi res- 
ponding atomic interval. A systematisation from this point of view is not 
clear with respect to the band systems of ZnBr and Znl. Kveii the origin 
of the absorption bands ascribed by Walter and Barratt to the zinc bromide 
molecule, was considered doubtful by Howell when he compared them with 
the known band systems of zinc iodide. In view of this, an investigation 
of the band systems of the zinc halides has been undertaken by the authors. 
The results obtained for the zinc iodide molecule are presented in this 
paper (a brief report of which was published in Cun*. Sci., 15, p. 122, 1946). 

* I'd low of Uk* Indian Physical Society. 
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K X P K RIM IC N T A I, 

I'hc usual II ty]>e dischar^’e tube containing zinc iodide, excited by an 
one-fourth kilowatt transformer, is employed for pioducing the emission bands. 
In a second series of experiments the zinc iodide is contained in a quartz 
tube with an end-on scaled in window of quartz. The tube is excited by a high 
frequency oscillator of low power, with external electrodes and continuously 
evacuated by a Cenco High-Vac pump. Photogrphs of the emission spectrum 
are taken when the discharge takes place predominantly through the zinc 
iodide vapour. Constant heating by an etna burner is found necessary to 
maintain this discharge. Hilger quartz spetiographs of medium and Ei 
types are employed. * 

R K vS U h r S 

Only one system has till now been definitely established for the Znl 
molecule. Wieland (ig^q) has given the analysis identifying the head at A 331S 
as the (o, o) band, and has just mentioned the occurrence of a weak group of 
three bands at A 3236. 

The experimental work descril^ed above, carried out with a pure specimen 
cf Znl (supplied by B.D.H.) in the discharge tube, has led the authors to 
establish definitely the exLstence of the three following difTerent systems in 
the ultra violet, which, on the analogy of the Ilgl bands, arc designated as 
the C. D and E systems respectively. 


Table: i 

System 

Region 

Kleclronic transition 

C* 

3393-3257 1 

= n — “5 

T) 

^ 3278-3193 ) 


K 

\ 2392-2300 

Piobably a * 2 — ®2 


* Due to Wit* land. 


In the system C, analysed by Wieland no more sequences could be 
obtained than were reported by Wieland. But under the higher dispersion 
used in this work, the (o, o) l)and is distinctly seen to be accompanied by a 
subsidiary head on the longer wavelength side, which, from its intensity and 
separation from the main head, cannot be regarded as due to an isotoj^c of 
zinc. The two components, 3317.9 and 3317.6 may be the P and Q heads of the 
(o, o) band. No such well separated components are seen in the case of the 
(1,0) and (2,0) bands but they appear to be broadened out slightly. 

A close examination of the violet end of this C system has revealed 
the existence of a brief and new system (D). The first evidence of this is the 
observation of three or perhaps four well marked and prominent doublets 
(plate III) which are diffuse, slightly broad and headless. Attempts to include 







Ziil 


I 


S y s t 


Syste?ri^ O 



Zific locJicJe^ Bancis (Fig. A > 
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hem as higher members of the C (Wieland) system, seemed to be unjustified 
from a consideration of the much higher intensity of these pairs as compared 
to the fading intensity of the system at this end. A further clue to regard 
these pairs as forming another system is afforded by a measurement of the 
wave-lengths. An interval of about 220 0111““' is found to repeat itself in some 
of these members, this interval heingf of the order of magnitude of the 
vibrational constant oj" of the C systeijj. The wave-lengths, wave numbers 
and intensity data of the bands of this S3»stem are given in Table II. Two of 
the bandrt A 3265.7 and A 3262.5 which arc included in this table consist 
perhaps of overlapping faint band heajiJs belonging to both the systems. 
Their classification is hence not showfi. The vibrational analyasis of the 
bands is given 111 a diagonal array in Tublc III. The line v 30715 occurs at 
two places. The (o, o) band is suggested at v 30490. 

Kxact vibrational constants cannot justifiably be determined. From the 
order of the AG' (v) values, the vibrational constants of the final state are 
regarded as identical with those of the C system. Gn this basis, the 
vibrational constants of the n]jper state for this C system have been calculated 
as. 

<•/ = 21 17 erns”^ 

.r'ai'=2.5 „ 
v = 30506.3 ,, 


Table II 1 

Znl Bands (system D) 

■ - - ' 

Table III 

Vibrational analysis of system D 

Wavelength 

Wave number 

1 

i Inloii.sit.v 

1 

i 

j ClQssificati<»n 

a 

1 

i 1 

,1 

1 

2 

3277-7 

3^499 

0 

(o.ol 

0 30499(0) 

1 


3265-7 

30612 

* 

( ) 

216 



3262.5 

30642 

3 

( ) 

I 30715^2)* 



3257-2 

30692 

1 

2 ! 

{3»2: 

212 



32548 

30715 

2 ' 

(*,o) 

2 30927(3) 

212 30715(2)* 


3235-7 * 

30896 

i 

4 1 

' 3 .I> 

192 

x8i 


3232 5 

30927 

i 

3 ; 

(2.0) 

3 3 >>i 9 < 3 ) 

223 3089614) 

204 30692(2)! 

32 i 5 <^> 

31095 

3 ' 

(4.1) 

186 j 

199 


3212 5 

31119 

3 . 

(3.0) 

4 31305*2* ; 

210 31095(3) 1 







180 1 

1 






5 1 

31275(2) j 



* Occurs at two places. 
i Too diffuse to be measured accurately. 

2—1629?— 2 
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The correctness of the identification of system D for Znl is further 
strengthened when it is seen that the difference between the (o, o) bands 
(V30129.5) of system C and (V30499.4) of system D is equal to 370 cms.""^, 
which is in excellent agreement with the predicted value 386 cms."^ for zinc 
halides. The systems C and D may therefore be regarded as the two 
components of a ^11 -*-^2 transition analogous to those found previously in 
zinc fluoride and zinc chloride. 


System E 

In addition to systems C and D, a third system (designated as E, cf. 
Tabic I) is also obtained in the region A23Q2 to A2300. The bands of this 
system are not so diffuse as those of the D system but they are faint even 
when photographed, after long exposures of about five hours, with a medium 
Ililger quartz spectrograph. They are degraded probably to the red but the 
direction could not be definitely seen. A preliminary examination of the 
wave numbers of the band heads indicated a recurring interval of the order 
of 216, equal approximately to the vibrational constant o>'' = 223, oi the common 
ground state of systems C and D. It is considered that the system may 
correspond to the transition — ^ 2 . Further work on this system as well 
as on the absorption bands of zinc halides is still in i)rogress and a complete 
account will be presented in a subsequent communication. 
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THE LATTICE STRUCTURE OF CLAY MINERALS 

By S. N. BAGCHl 


ABSTRACT. A review of the work done f;ir on the eryslal siniciure of ft clay minerals 
has been given. 

1 N T R O D U C T I (') N 

Clay, or, the clay fraction of soil and natural deposits such as bentonite and 
kaolin comprises all inorganic ingredients included in the mechanically separated 
fraction of these systems having particle-dize smaller than 2 microns in diameter 
(Atterbergi ic)i2). It is mainly colloidal in nature. Most of the physical 
and chemical properties of soils and other clayey deposits which are of impor- 
tance in practical agriculture, in ceramica and in constructional engineering are 
now known to be determined to a large extent by the nature and amount of 
their colloidal constituents, and tlie importance of detailed investigations of 
these constituents by physical and cheinic'al methods is now increasingly felt for 
purposes of soil systematics, soil classification, and standardisation of clay 
material for use in the industries. 

CRYSTALLINE CHARACTER OE CLAYS 
THE PRINCIPAL GROUPS OF CLAY MINERALS 


Following Van Bcminelen (1888), the finest fraction of soil has often been 
regarded as a loose ‘absorption compound' or a mixed gel of silica, alumina, 
iron oxide and watei (Wiegner, 1024) present in indefinite proportions so as to 
constitute some sort of an ‘absorption complex'. From studies of synthetic 
precipitates formed under different conditions from solutions comparable to those 
which might be expected to give rise to the ‘absorption complex' of soil, 
(Mattson, 1930) postulated that this complex arises from a mutual precipitation 
of electropositive and electronegative sols, such as colloidal alumina, ferric oxide 
and silica under isoelectric conditions. 

The ‘mixed gel* hypothesis for a long time kept in the background tlie 
crystalline character of soil colloids now fully established through x-ray 
studies (Hendricks ct a/., 1930 ; Kelley et al, ; Hofmann et al., 1934 ; 
Nagelchmidt, 1934) and optical (Ross ct a/., 1930, 1934 ; Marshall, 1930, 
1935 ; Correns and Mehmel, 1936). These investigations have j shown that 
the clay fraction is made up of a number of secondary silicate minerals with 
occasional admixtures of small quantities of rock-forming minerals , silica and 
oxides as well as hydroxides of iron and aluminium ; and in some cases, of 
certain amorphous inorganic substances. 

Secondary silicate minerals which occur only in the clay fraction are usually 
known as clay minerals. Four groups of these clay minerals have been 
distingtished* These are 
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(a) the kaolin group (Ross, loc.cii), comprising (t) the four polymorphic forms 
kaolinite, dickite, nacrite and halloysite, having the same chemical composition 
AI2O3. 2Si02.2H20, (ii) anauxite often considered as a variety of kaolinite 
but having a SiOg : AlgOy ratio greater than 2.0, and (Hi) hydrated halloysite 
(Hofmann, loc. cit) which has the chemical composition Al2O3.2SiO2.4H2t) and 
which on drying in air loses two molecules of water giving halloysite., 

(b) the montmorillonite group consisting of the minerals montmorillonitc, 

beidellitc, saponite, nontronite, etc., having the general formula 

(RSi; R;‘)(Air ' Si;im^)Oio (0HJ2> xH .20 (Ross and Hendricks, 1941; 

4 4 

R«" 

Hendricks, 1942) derived from the ideal formula (Alg) (Si4)Oio (OHlg of 
pyrophyllite ; 

(r) the illite group or the hydrous micas having the general formula (Grim- 
ed a/., 1937) 2K20.3R^^0.8R2^ ^ ^03.24Si02, 12H2O and distinguished from 
muscovite mica, K(Al2) (AlSi3)(^io(OH)2, by their relatively small content of 
potassium and large percentage of water ; and 

(d) the atiapulgilc group, whose only known member is the fibrous clay 
mineral, attapulgite, having the composition fOH2)4(OH).2Mg6Si8O20-4H2O 
(Bradley, 1940). 

THE ATOMIC STRUCTURE OF CUAY MINERALS 

As the clay minerals arc the dominant constituents of most clays, the phy- 
sical and chemical properties of the latter will be largely determined by their 
nature and relative proportions in the clay. Characteristic differences between 
the properties of the individual clay minerals have been observed. These have 
often been traced to differences in their crystalline structure. 

The elucidation of the general scheme of structure of the clay minerals and 
certain other minerals, c.g,, micas, chlorites, talc and pyrophyllite, related to 
them, is due to Pauling, {1930). From dimensional considerations of 
the unit in the basal plane of the two forms of silica, i^-tridymitc and /^-cristoba- 
llite, as well as of the pseudo-hexagonal (monocliuic) crystals ot hydrargillite 
and muscovite, Pauling was led to postulate two structural units for clay and 
other related minerals. One is the octahedral hydrargillite or gibbsite unit 
composed of two sheets of closely packed hydroxyl groups built around AP ‘ * ions 
occupying the interstices of the hydroxyl groups In accordance with the 
electrostatic valence rule of Pauling (1929), each octahedron shares three edges 
and only two-thirds of the possible aluminium positions are occupied. In the 
octahedral brucite unit, having a similar structure, all the available positions 
are filled up by magnesium ions. The second unit of structure consists of 
hexagonal layers of linked Si04-tetrahedra, each tetrahedron containing a 
Si’^'^’^ion at the centre and four oxygen ions at the corners. Unlike )8.tridynitte 
and /J-cristobalite where alternate vertices of the tetrahedra point in opposite 
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Oxygen ,ons forming the bases of the 



(a 

(b) 

(c) 

(d) 


(After Pauling:; 

A hydrargillite layer of octahedra 

A tetrahedral layer from AH^ristobalite or >3.tridymite a -i- 

located at centre of each tetrahedron and » • ®tl>coii ion is 

A. tetrahedral layer in which all the tetrabclra «>nier. 

A complete layer of octahedra (BraJteZy^ 
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tetrahedra have their valencies satisfied, each O’ ion being common to two 
SiO-st tetrahedia. But the oxygen ions at the unshared tetrahedral corners 
have only halt of their valencies satisfied and it is necessary, that they be held 
by further bonds. This is achieved by the superposition of the silica layer on 
the hydrargillite layer such that the tetrahedral vertices coincide with two thirds 
of the shared octahedral corners. This superposition is really a fusion of the 
two layers such that the vertical oxygens replace the OH groups at the shared 
octahedral corners and act as connecting links between the two layers. The 
unsymnietrical packet thus formed is found in clay minerals of the kaolin group. 
Symmetrical packets also occur as in montmorillonites and micas^ and are formed 
by attaching a second tetrahedral layer to the other side of the hydrargillite 
layer. The various clay mineral and minerals related to them are distinguished 
by the manner of stacking of these packets (further discussed on pp. 5-6). 
Minerals like chlorite (Pauling* loc- cit) and vcrmiculite (Gruner, 1934 ; 
Hendricks 1938) are formed by the superposition of such packets interleaved 
respectively with units of brucite and neutral water molecules. 



•Si O 0 


Fig. 2 

The structure of Mascovite projected on (oio) 

(After Jackson and West) * 

The heights of the atoms above the face of the tinit cells, as measured 
along the axis of projection, are indicated by the numbers. An atom on the 
lower face of the unit cell is indicated by o, on the top face by joo, and 
intermediate heights are given accordingly 
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A crystal consisting of symmetrical packets of fused silica and hydrargillite 
layers has the composition Si^ Al2()io(f>H)2 and represents the mineral pyro- 
phyllite. When octahedral layers of brucite replace those of hydrargillite we 
get talc having the composition Si4Mg:jOio(OH)2 Giuner (loc, cti.) and 
Hendricks (1938) have verified these structures for talc and pyrophyllite. From 
single crystal measureraents Hendrick3 concluded that the structures are fixed in 
the a- and r-directions but the individual (OH)2Al.jSi4C)io or (OH)2MgnSi40io 
packets are randomly shifted along the h-axis. He preferred the space group 
Cfi to the space group CSh proposed by Cruner. 

When silicon ions in pyrophyllite are replaced by alumininm ions of 
coordination number 4, negatively cbaiged layers are develojsed. Ivlcctroncu 
trail ty is maintained by tlie incoiporation of further positive ions into the struc- 
ture. There is room for these ions between the layers in pockets formed 
by two opposite hexagonal rings Of the basal oxygen ions belonging to 
contiguous tetrahedral silica layers. In muscovite mica having the composition 
K(vSi3Al)Al20io(f^H)2 every fourth ion is replaced by an AV" " ion and 

the pockets are filled up by ions 2) 



^ Si 0,594 0 OH 4.s$4 \0 2 ,fs 4 OSi ^Al Q )0 OOH 


Fig. 3 

(After Gruncr) 

Sheet of apOIlhAl.^SiaOs] proposed by Pauling. 
Height of atonn’e positions may vary sliglitiy. 


Fig. 4 
(After Grnner) 

One half of the unit cell of nacrite. 
The plane of the paptr is the print ipal 
glide plane containing the tirigin. 
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A similar replacement in talc ^>ives rise to biotite having the formula 
K(Si 3 Al)Mg 30 io(OH) 2 . 

In chlorites the negative charge of the substituted pyrophylHte layers is 
balanced by brucitc layers which have acquired a positive charge through the 
replacement of a part of Mg"^^ions by Al'*"*‘^ions. 

(z) Minerals of the kaolin group. — Ross and Kerr ^1931) made an extensive 
study of the mineralogy and chemical composition of the kaolin group of minerals 
including the amorphous substance allophane. Almost a complete lack of isoinor- 
ph<nis replacement is one of the distinctive features of these minerals. This has 
l)een traced to the unsymmetrical structure of kaolins which cannot bear the 
strain arising from the incorporation of cations other thanSi^^^^ and Al'^^’^ 
01 of layers brucite) having lattice dimensions dilTerent from those of 

gibbsite or silica (Pauling, lor. cii.). Oruner (1932, a, h ; 1933) worked out 
the detailed crystal structures of the three polymori)hic varieties, kaoiinile, dickitc 
and nacrile. All the three give monoclinic crystals and are formed by tlic 
slacking of unsymmetrical packets of fused silica and hydrargillite layers ; 
the packet of kaolinite is shown in Fig. 3, but each shows a characteristic 
manner of stacking which is different from that of the others and gives rise to 
different monoclinic angles (/?) as will appear from Fig. 4(a-c), Gruner's 
crystallographic data are given below : — 


Kflolinite 

Dick 1 to 

Nacrite 

a = 5. 1. -58 A 

3=5.14^ 

a = 5.i6A 

h = S.gooX 

b= 8 . 94 X 

b = 8.Q3^ 

c== 14^.506 S 

c=i 4 . 42 X 

c“ 1 8.66 S 

/ 3 = 100°. 12' 

/ 9 = 96 °. 5 o' 

/ 5 =:C)i‘’./| 3 ^ 

Z = 4 

Z = 4 

Z = 8 

C,‘ = Cc. 

C,*»Cc 

Cs“ = Cc. 


Z — denotes the number of molecules of the formula Al2Si205(0H)4 ; Cs^Cc 
represents the notation of the space group. 

A displacement of the packets relative to one another is possible along both 
the a and b-axes. The nionoclinic angle ^ is determined by the shift of one 
packet over the other in the direction of the a-axis. The shifts are respectively 
rr/2, 7r/3 and n-/ 12 for kaolinite, dickite and nacrite (a = 27r), As the (010) plane 
constitutes a glide plane of symmetry any amount of shift parallel to the b-axis 
is theoretically possible consistent with a fixed monoclinic angle. Certain' 
observed reflections in the case of kaolinite limit the shifts to intervals of 
2Jr/3, and 4rr/^ (b=2?r). But Gruner found that only the two positions A and 
B (Fig. 5a) in which the shifts along the b-axis are respectively o and 4?r/3 are 
in equally good agreement with the calculated intensities and a choice between 
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the two is difficult. For a particular sample of Brooklyn kaolinite he preferred 
^'Position* For dickite, the A-posiliou (Fig. 5b) in which the shift along 
the b-axis is is accepted. In nacrite the shift is 2 77/3 (Fig. 5d). 



Fio. 5 

(After Gruner) 

(a) The two possible shifts of sheets in the kaolin structure. Dotted lines are glide 

plane of Arrows indicate planes of syneniery in individual sheets. 

(b) The two possible shifts of sheets in the dickite structure. Dotted lines are glide 
planes of C*b. Arrows indicate planes of .symmetry in individual sheets. Heavy lines 
represent low’er layers. 

(c) The shift in dickite as compared with that of kaolinite. Heavy-lined hexagon 
represents stationary SiOi sheet for both dickite and kaolinite, Light-lined hexagon 
represents upper adjoining sheet of kaolinite. 

(df) The shifts of the four la vers in nacrite when seen in a direction normal to the base 
(oox). The dotted lins are glide planes of symmetry of C* s. 

3— 1629P— 3 
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The space group which is identical for the three minerals contains only 
a ,£^lide plane of syirinietry which lies in the plane of the a- and c-axes. All 
packets face in the same direction giving rise to the polar hemihedral space 
group Ci.* 

The unit cell of kaolinite and dickite consists of two unsym metrical 
packets while that of nacrite is made up of four such packets (Fig. 5, a-d). The 
ordinary planes of symmetry of contiguous sheets make angles of 120° in 
kaolinite and dickite ; but in nacrite each vSheet is rotated through 180*^ in its own 
j)lane with resided to its nearest neig^hhour and the sheets 2 and 3 are each 
shifted through 2 jr/3 x b relative to packets i and 4 respectively. 

From measurements on single crystals Hendricks (1938) later on gave the 
following crystallographic data for nacrite. 

a = S.94A 

b=5.i4& 

c = 43.ooX 

^ = go°.2o' 

Z = 6[(OH)sAl4Si4C)io] 

c;=cc. 

This structure is different from the one due to Gruner in that the former 
postulates 6 kaolin itic layers in the unit cell instead of 4 and the directions of the 
a and b axes have been reversed. 

In order to explain the high silica- alumina ratio of anauxite Gruner 
assumed a replacement of octahenral AF^^ by Bragg (1937) and 

Hendricks (1936), doubted this hypothesis. The latter suggested a defect of 
Al( OH) 3 giving rise to holes in the structure. Gruner (1937), showed that this 
structure does not agree with tlie observed densities. Gruner 's alternative sugges- 
tion that whole units of tetrahedral Si04 occupy positions of octahedral units of 
A102(0H)4 is not structurally convincing according to Hendricks. The latter 
finally suggested a structure of anauxite formed by tlie incorporation of excess 
of silica in the kaolinite lattice as neutral silica layers following the kaolinite 
layers in irregular sequence. 

There is some confusion regarding the nomenclature of halloysite, 
Al2032Si022Ha0, and the hydrated mineral, Al203 2SiG24H20. Hofmann, 
Endell and Wihn (1934) described the latter as halloysite. On heating at 50®C it 
gave a product which they identified as kaolinite. Mehmel (1935) showed that this 
product is not kaolinite but a new mineral which he designated as metahalloy- 
site. The following nomenclature due to Hendricks (1939) will be adhered to in 
the sequel. t 

* The space group C®2h suggested by Ksanda and Barth (1936) has been eliminated 
(Hendricks, 1938) as single crystals show strong pyroelectric effect by the Martin method. 

f Recently Hendricks {i9t3) suggested the name ‘eiidellitc* for the more hydrated 
mineral. 
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Halloysite, Al20;{2SiCJ2 2H2<-) (nietahalloysite of Mehmcl). 

Hydrated halloysite, )32Si024H20 (halloysite of Hofmann, et al, 

Mehmcl and others). 

According to Mehniel, hydrated halloysite (Mehmel’s halloysite) is built 
up in the direclioii of the c-axis from alleniatiiig layers of H2Si20r, and 
A1(0H)3. They are not linhed up by i)riiieipal valencies and do not form a 
fused packet. In halloysite (Mehniers metahalloysite), on the other hand, 
the two layeis are condensed with the elimination ol 2II2O giving rise 
to a fused packet having the composition .Si2Al2i ).-i of kaolinitc. Mchmel 

gave the following crystallogiaphic data for the two mineals: — 


Hydrated hnlloysite. 

IlHlloysite. 

a= 5.20A 


1) = 8.Q2^^ 

l) = S.c)oX 

c= 10.25X 

<-- = 7 - 57 -^ 


ft 100'' 


y — T 

A — 2 

A — I 

CV = Cm. 

C« =Cm. 


The struolures indicated in Fig. 6(b,c) differ from that of kaolinitc Fig. 
(6a). The space groui^ Q! contains an ordinary plane of symmetry parallel to 
(010) while the space group CV to which kaolinitc belongs has a glide plane of 
symmetry parallel to (okj). This difference in the space groups is reflected in 
the dimensions of the unit cells. That of halloysite consists of only one x^acket 
while two packets go to form the unit cell of kaolinite. 

Hendricks objected to tlie above structures on the ground that the interac- 
tion of the hydroxyl groups of the layers of Si2i^3(OH)2 Jind AUOH)^ as a 
result of which w-ater is considered to be eliminated (see above) would require 
a large activation energy and consequently w^ould not be expected to take place 
leadily at such low temperatures as 5 o"C. He furtlier pointed out that the 
intensity data do not agree with the proposed structures. He suggested an 
alternative structure for hydrated halloysite in which neutral kaolinitic layers 
[{0H)4Si2Al205]n, are interleaved with single layers of water molecules. 
According to Hendricks there is no reason for considering halloysite to possess 
a structure different from kaolinite, dickite and nacritc. In his opinion, the 
slight difference between tlic powdci diagrams of halloysite and other kaolinitic 
minerals may be considered to arise from differences in the degree of organisa 
tion of the crystallities, (cf. also Nagelsclimidt, IQSP)- 

Edelman and Favejee (1940) suggested a structure of hydrated halloysite 
in which every alternate SiO 4 -tetrahedron is inverted and the vertical oxygens 
are replaced by hydroxyl groups to balance the charges. This layer together 
with one of AI 2 (OH) 6 would give the composition [Al2(0H)50Si203 (OH)Tn 
or [Al2032Si023H2(3.J. Additional water molecules required for the 
formula, AlaOaaSiOa 4H2O, of hydrated halloysite are supposed to exist in 
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Fig. 6 

(a — c after Mchmel) 


(al Schematic diagram of the projection on the plane (loo) of (a) kaolinite. 

(b) Schematic diagram of the projection on the plane (loo) of (b) halloysite. 

(c) Hydrated halloysite. 

id) Schematic diagram of the crystal structure niontmorillonite. (After Hofmann). 
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between the sheets. The change to halloysite takes place by the loss of one 
such water molecule, the other molecule being obtained from the interaction of 
an (OH) group of the hydrated silica sheet with an (OH) group af the adjacent 
sheet of Al2(OH)(j. The two sheets are thus linked through the residual 
oxygen atom (sec big. 7). Ihis structure is also open to Hendricks' criticism 
stated above. 



Fig. 7 

f After lidclinan and Favejec) 

Schcnuitic presentation of the cTystal struc ture of hadrated halloj'site 

A inonocliuic holuiiediai structure (Cok) of ludloysite has been suggested by 
Stout (1939) ftoni a study of the x-ray diagrams of halloysite before and after 
fixation phosphates by this mineral. The unit cell in this structure would consist 
of two kaolinitic packets having their OH -layers facing each other. 

(ii) Minerals of the monimorillonite group, — Hofmann, Kndell and Wilm 
(1933), proposed a symmetrical i>yrophyllite-like structure of montmorillonitic 
minerals (Fig. 6 d). These minerals, however, seldom have the ideal composition 
Al2034Si02H2C), of pyrophyllite. Wide variations in composition are 
encountered. Isomorphous replacements within the lattice are responsible for 
them. In the mineral montniorillonite, ! Ali .<;YMg.33(Si4jOi o(OH)2 jNa.aa, 
having a SiO^/Al^Os ratio of about 4.0, isomorphous replacements, e.g., of 
octahedral AF ’ by Mg'" or Fe"' and of by tetrahedral AF”'" are 

limited. Extensive replacements give rise to a number of end members. 

Beidellite having the Si02/A1.203 ratio 3:1, is the end member obtained by 
the replacement of a part of the Si by tetrahedral Al*. The negative charge 
developed in the silica layer as a result of this replacement is balanced by the 

* Grim ^1942) believes beidellite to be a mixture of montmorillouite and linionite. 
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incorporation of mono-, or, bi-valent cations as in micas and/or by the replacement 
of octahedral by Mg^^. A small quantity of the octahedral Al'^'‘“^ may also 

be replaced by Fe^^"^ and Complete replacement of octahedral by 

would give rise to saponite. Nontronite is the end member obtained by 
the replacement of the octahedral AF'*^^ by Fe^^"^ and Fe^ A differentiation 
of these end members on the basis of the powder diagrams alone is not possible 
excepting perhaps nontronite whose Fe has a much higher scattering power than 
A 1 or Mg. 

Hofmann, Kndell, and Wilni assume an orthorhombic cell for iiiontmoril- 
lonitc with dimensions 3 = 5.095 X, b = S.83 X and 0=15.2 X. Gruner (1935) 
liowever, believes that minerals of the montmorillonite group belong to the 
monoclinic system. Accoiding to Hofmann and Maegdefrau (1937), the indivi- 
dual packets lie parallel to and equidistant from one another but are not similarly 
oriented in the a- and b-dircctioiis. Because of this random orientation there is, 
strictly speaking, no space lattice but eacli packet forms some sort of a surface 
lattice. This ‘cross-grating effect' follows from the complete absence of (hkl) 
interferences. Only (hko) and (001) interferences referred to the space lattice 
are observed. 

Some orientation of the packets in the a-and b-directions has been suggested 
by Hendricks and Ross (1939). 

A characteristic feature of the montmorillonite lattice, one which differen- 
tiates it from pyrophyllitc having a similar structure, is the variable c-axis of the 
former depending on the content of water. This unique property of unidimen- 
sional inner-crystalline swelling is shown by only two other known substances, 
graphitic acid '^Hofmann and Frenzel, 1932) and violet basic cobalt sulphate 
(Feitktiechet and Fischer, i935)> The water molecules are loosely held between 
the packets and are readily given up on heating. Hofmann observed a rever- 
sible dehydration up to a temperature of 55o°C. The lattice is preserved even 
at 8oo®C but breaks down at about iooo®C. Maegdefrau and Hofmann found a 
continuous variation of the swelling with the humidity. Nagelschmidt (1936), 
however, observed a stepwise variation; the (001) spacing increased from 10.5 X 
to 15.2 X and from 15.2 X to 15.6 X as the number of water molecules per 
'ignited' unit cell, t.e., per AI4 Si8022, increased respectively from 2 to 10 and 
from 10 to 21. Fora number of water molecules varying fx'om 10 to 21 no 
significant variation in the sjjacing was observed but in the range 20-40 H2O the 
spacing increased rapidly to 1S.4 X. From studies of x-ray diagrams of oriented 
samples of montmorillonite Bradley, Grim and Clark (1937) showed that the 
stepwise increase in swelling is to be attributed to the formation of definite 
hydrates containing 2, 8, 14, 20 and 26 molecules of water corresponding to 
(001) spacings respectively equal to 9.6 X, 12.4 X, 15.4 S, 18.4 X, and 

21.4 X. 

No entirely satisfactory and generally accepted explanation has been offered 
regarding’ the manner in which the water molecules are held betw^een the packets. 
Hofmann (1937), Nagelschmidt and others believe that the water molecules form 
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closely packed sheets between the basal planes. According to Hendricks and 
Jefferson ('1938), however, the water molecules are not densely packed but form 
a hexagonal net by secondary bonds between O and H atoms of adjacent water 
molecules in a given net as shown in Fig. S(a-b). One-fourth of the hydrogen 



Fig. 8 

(After Hendricks and Jefferson) 

(a) Hexagonal net of water molecules. Ivarge .spheres repre.sent oxygen 
atoms and small spheres hydrogen atoms, <lolte<l lines indicate bonding through 
hydrogen. 

(ft) Probable structure of multiple w’ater layers, 

atoms in the net, or in other words, one hydrogen atom in every two water 
molecules remains free*, i.c., not bonded in this manner. Tlie net itself is tied 
up to the neighbouring silica layer or other hexagonal layers by the attraction 
between such ‘free' H atoms and oxygen atoms of the adjacent layers*. The 

* When the surface of the clay mineral contains hydroxyl groups kaolinite) some of 

these hydroxyl groups are free so as to bind their hydrogen atoms to oxygen atoms of the 
water layer. 
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oxygen atoms in a ^iven water layer lie in one plane. In this configuration 
each layer contributes 4 molecules of water to the structural unit as against 6 
molecules in the close packed arrangement. The observed variation in the (001) 
spacing arises from a variation in the spacing between the cleavage planes. 
Cleavages along (00 r) planes give rise to crystallites containing different numbers 
of water layers corresponding to the different hydrates 2H2O, 0H2O, 10H2O, 
etc. The observed (001) spacing at a fixed humidity is only an average of the 
spacings of the various hydrates. It is this average spacing which varies conti- 
nuously with the humidity. '1 he stepwise variation observed by Nagelschmidt 
is difficult to explain in the light of this hypothesis. It is also difficult to under- 
stand why other clay minerals and even pyrophyllite which has the same 
structure as montmorillonite do not swell. 

Hofmann and Bilke (1937) showed that at a fixed humidity the swelling of 
montmorillonite depends on the nature of the exchangeable cations as well as on 
the />n. No satisfactory explanation of this ‘cation effect’ has also been forth- 
coming. A mere hydration of the cations (Wiegner, 1931; Biir and Tenderloo, 
1936) would explain neither the magnitude of the swelling nor the differences in 
the relative effects of the various cations. From a study of the low temperature 
endothermic effect showm by ‘thermal curves', Hendricks, Alexander and Nelson 
(1940) concluded that only a very small fraction of the water can be attributed to 
a hydration of the cations in the case of Mg-, Ca- and Ba-montmorillonites, the 
greater part of the w^ater beings tacked betw’'een the packets as hexagonal nets. 
No water of hydration could be detected in the case of Na-, K-, and Cs- 
montmorillonites. 

The characteristic swelling of montmorillonite is probably to be attributed 
to the polarising properties of the cations (W. Russel, 1934) iyiug on Ihe 
surface of the packets. Montmorillonite contains a much larger quantity of 
such cations than any other clay mineral. In view of extensive and different 
types of isomorphous replacements in montmorillonite considerable strains are 
brought to bear on the lattice which hamper the growth of the crystals to large 
dimensions and only minute crystallites are formed (c/. Hendricks, 1942). This 
gives rise to an extensive outer surface and a large number of exposed cations. 
The latter have their coordination valencies only partially satisfied and this 
further reinforces the tendency of the cations to polarise water molecules and 
draw them to the surface. A layer of water molecules thus condensed on the 
surface may be covered by other layers in accordance with the mechanism 
suggested by Hendricks and Jeffcr.son. 

Clay minerals othei than montmorillonite and also pyrophyllite do not 
contain any appreciable quantity of cations on the surface and consequently 
do not swell. The micas which also do not swell no doubt contain some 
cations in l>ctween the packets. However, unlike montmorillonite, a compara- 
tively small percentage of these cations is exposed. This is due to the formation 
of larger crystals favoured by absence of strains arising from different types of 
isomorphous replacements. 
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There is yet another reason for the nonexpanding lattice of the micas (Grim 
loc. cii). Unlike inontinorii Ionite where isoniorphous replacements mainly take 
place in the octahedral layer, they are almost entirely restricted to the silicate 
layer in the micas. The centre of the negativ^c charge within the packets lies 
neax’er to their surfaces in micas than in montmorillonitc and consequently the 
cations in the former are strongly bonded io the surface and, through them, 
the packets themselves are firmly held and do not admit of any expansion in 
the c-direction. On account of a greater separation of the charges in montinori- 
llonite, the packets are tied together eoin]>aratively loosely through the cations 
interposed between them and thus help the water molecules to force the packets 
apart . 

vSeveral investigators (ITolzncr, 1936 : Bragg, 1038 ; De I^apparent, 1938) 
have taken exception to the pyroidilyllite struct lire of montmorillonile on the 
ground that it does not satisfactorily explain the characteristic swelling (and high 
base exchange capacity) of this mineral. Kdclman and Pave jec (1940) proposed 
an alternative structure (Fig. o) in which the silica layer on either side of 
the hydrargillitc layer has the configuration of /i--cnslobalite (Fig. i, !>) 
hydrated as m halloysite and has the formula 02Si40({(OIF2- ^J'he mineral 
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Seheinatic presentation of the structure of Montmorillonite. 
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itself has the composition (0H)i2Al4Si80i(i.nHij0. Grim prefex*s this structure 
as in his opinion it offers a better explanation of the swelling. He considers that 
the projecting OH ions in this structure favour the formation of water layers 
as suggested by Hendricks and Jefferson. 

Other structures have been suggested but have not met with general 
approval as they have no particularly strong points in their favour. The 
pyrophyllite structure suggested by Hofmann is usually accepted as it provides 
the Ix st all round explanation of the behaviour of niontniorillonites if isomor- 
phous replacements as well as individual properties of cations are also taken inUi 
consideration. 

Minerals oj the illite fitoup or hydrous micas, — lentil recently there has 
been some confusion regarding the existence of micas as a distinct group of clay 
minerals. Hendricks and Fry (1930) recognised certain minerals in soil colloids 
which they designated as ordovician bentonite*, a term used by Ross and vShaimon 
(1Q26). Ross and Kerr ( 1931 ) (lcscribe<l similar minerals as potassium hearing 
clay minerals. Hofmann and his coworkers (1Q37) first definitely distinguished 
niica-like minerals as essential constitutents of clays and named them ^glimmer- 
ton*. Almost simultaneously, Grim, llray and Bradley detected mica -like clay 
minerals in a variety of soils, clays and shales from Illinois and i)lace(l them in a 
distinct group under the name “illite**. The group-name “hydrous micas*’ 
proposed by Hendricks for all sncli micaceous elay minerals is more suggestive 
as it brings out their chemical and structural relationships to muscovite mica ; 
the hydrous micas, though strucliu'ally similar to muscovite, contain moie water 
and less K than the latter. '' 

The general formula, 24Si02.2H20 of hydrous 

micas is derived from the ideal foimula K(Al2) (AlSis) Oj ofOH)2 of 
muscovite mica by the replacement of some K by H2O. Balancing of the 
charges is effected by the replacement of Si* ' ‘ by tetrahedral Al* ‘ ^ or of O'^by 

OH” (Hendricks, TQ37). Only i5%of the Si, and not 25% as in muscovile mica, is 
replaced by Al giving a relatively smaller amount of K. Possible replacements of 
Mg'*’^ for octahedral AF/*^ balanced by the substitution of (OH)” for O”" may 
partly account for a higher percentage of water in the hydrous micas than in 
muscovite (Hofmann and Maegdefrau 1937). Both ferrous and ferric iron may 
also replace some octahedral Al. Isomorphous replacements, however, are not so 
extensive in the hydrous micas as in inontmorillonites. 

Gruner (1935) and others have postulated a monoclinic cell for hydrous 
micas similar to that of muscovite ; the cell dimensions, however, have not been 
recorded*. Hofmann and Maegdefrau, on the other hand, believe that their 
diffraction data can be explained by assuming an orthorhombic cell having the 
dimensions a®=5.i8 b==8.97 A, c~ 19.S4A. 

(iv) Minerals of the attapulgiie group, — J. Delapparent (1935) gave the 
name attapulgitc to a clay mineral found in fuller’s earth from Attapulgus, 

^ Presiimnbly they have accepted the cell dimensions of muscovite : 
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K^H2U GHYOROXYL •MOOAl 

O OH 2 O C^yG£N O StUCON 


Fig. Hi 
(.\ftci Brad Icy) 



’ Fig, II 

Comparison of the dickitc and kaoliuiie unit cells. The plane’ of the paper 
is the principal glide plane of symmetry containing the origin. Y-co-ordinates 
are given in degrees. 
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Georgia and Mornioiron in France. Formerly (Kerr, 1937) it was considered 
to belong to the montmorillonitic group of minerals. X-ray studies by Bradley 
(1940) however, showed "fibre diagrams*'. 

The structure proposed by Bradley (Fig. 10) consists of a brucite layer fused 
between two silica layers. The brucite layer is, however, not continuous and 
the structure extends only in one direction instead of two as in the case of other 
clay minerals. Consequently, instead of sheets, fibres or rods with the c-axis 
parallel to the length of the fibres arc obtained. The silicon-oxygen chains 
running parallel to the c-axis along (ooZ) and ilkZ) arc i>itnilar to aniphibole 
chains (Warren, 1929) so that the silicate layer as viewed from above is conti- 
nuous. Chains of water molecules wich also run parallel to the c-axis fill the inte- 
rstices between the ribbons and this water is lost below loo^C without materially 
altering the diffraction patterns. An equal amount of water is co-ordinated 
about Mg. It is less easily removed. Finally, the water which is expelled 
above 5oo-6oo°C comes from the OH groups of the lattice, the unit cell contain- 
ing four of them. 

The periodicity along the c-axis is 5.29 X. Bradley gives the following 
dimensions of the cell; 

t 

asiu^=i2.9X, b== 18,0 A, c = 5.2o X 

The cell has the ideal composition ( Ollg C)H )2 Mgs Sik O20 4H2O. 
There are two such molecules in the unit cell and the space group is probably 

Ch 

(v) Mixed Structures , — Mixed structures formed by the interstratification of 
more than one mineral have been encountered in minerals like vermiculites 
(22,23), cronstedite and faratsihite (Hendricks, 1939). The possibility of occur- 
rence of such mixed structures in clays was pointed out by Hendricks. He 
Hendricks, and Teller, 1942) has given a theoretical treatment of diffraction of 
x-rays by such mixed structures. Another type of mixed structures has been 
visualised by Nagelschinidt (1944)- It might result, say, "from weathering of 
illite particles in which the centre would have illite, the outer layers niontmoril- 
lonite, comx>osition. If the weathering had not gone very far such particles 
would give mica bulk effects (for instance, x-ray diffraction, chemical analysis) 
but montmorillonite surface effects (for instance, mixed base equilibria)" 
Definite evidence for such mixed structures in clays is however still lacking. 

IDENTIFICATION OF C b A Y M 1 N E U A b IN 
S O 1 Iv C C J b b D T D S 

The importance of identification of clay minerals and assessment of their 
relative proportions in clay fractions for purposes of soil systematica and from 
the point of view of theoretical as well as applied soil science is now generally 
recognised* Both physical and chemical methods have been requisitioned for 
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this puiposL*. In view of isoniorphous replace in cuts and the possibility of occur- 
rence of more than one clay mineral in the same clay fraction and owini;, lurthcr 
to the association of silica, sesqinoxides and other necessary materials, identi- 
fication of the rnineral constituents of the clay fraction on the basis of total 
analysis alone is not povssiblc though a fairly satisfactory correlation has often 
been obtained between the mass chemical conniositioii of tlie clay fraction 
expressed as its SiC)2/R203 ratio and various physical and chemical properties 
of clays, e.g., swelling, viscosity, dispersibility, heat of wetting and base 
exchange capacity. While this ratio as a 'single value’ soil constant is 
apparently ot some imi)ortance, it is of little value for the identification of the 
mineral constituents of the clay fraction. Marshall (1035) tried to identify clay 
minerals in some clays by properly lilting their analytical data in the known 
lattice structures of the clay minerals. For this purpi)se, he assumed the follow- 
ing major replacements within liic lallice (a) tetrahedral AF ' ^ for vSi^ " ' the 
resultant negative charge being balanced by one equivalent of cation per atom 
of Al; (6) Fe"^^ ' for AF in the octahedral layer; (c) either one Mg'*' ‘ for one 
octahedral AF ' ’ with incorporation of cations to balance the negative charge, or, 
3 Mg* for 2 Al,* ' which gives a neutral layer. The following minor replace- 
ments were also considered: (a) octahedral AF ' ' by Ti' ' ' ', the positive charge 
devclox>ed W’lieii the latter is tetravaleiit being balanced wilhin the lattice by the 
replacement of AF ' *' by Mg*" * (6) Si ' * *■ ‘ by the resulting positive 

charge being balanced by the simultaneous replacement of SF by tetrahedral 
Ai+^ *■. However, even when such replacements are taken into account, a 
correct fitting of the analytical data in the lattice structures will Jiardly be 
possible when more than one clay iiiincral are present in tlie clay fraction and 
their relative proi>ortions are not known. 

Methods using adsoiqilioii of dyes (Hardy, 1031; HiUtig, 1931) and preferen- 
tial adsorption of certain cations (Schatchtschabel, icgio; Pleiidricks and Alexan- 
der, 1910) are not sufficiently develc)i>ud forpurposi's of unequivocal identification 
or diflereiitialion of the various clay minerals. Physical methods have been 
found to be more suitable for this purpt^se, 'I'hese are based on a comparative 
study of clays and standard specimens of clay minerals by x-ray, theimal and 
optical methods. On being heated, these clay minerals lose water fjJicsent both 
as H2O molecules and as OH groups of the lattice) each in a characteristic 
niatiner and methods have been proposed for identifying them based on this 
effect of heat. One of them, the s<vcallcd ‘dificrential thermal’ method which 
is originally due to L,e Chatelier (i8tS7), consists in following the temperature of 
the specimen relative to an inert material, calcined alumina, when the two 

ate heated continuously at the same rate. An ciiclotheimic change is indicated 
by a lag in the temperature of the specimen and an exollieniiic change by a 
sudden elevation of the temperature relative Ut the ineit material. The number 
aiid character of such breaks, and the temperatures at vvhicli they occur serve as 
the criteria for identifying the clay minerals. Nagelsclimidt considers that 
endothermic effects in clay minerals are to be attributed to the release of adsorbed 
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water and to a breakdown of the lattice, exothermic effects probably arising from 
oxidation of divalent ion, or the formation of new silicates at higher 

temperatures. The 'thermal method' was first applied to clays by Creel (1926) 
and to soils by Agaf on off (1935). Norton (1939) and more recently. Grim and 
Rowland (1942) have introduced improvements in the technique for differential 
thermal analysis- 

In the so-called vai)our pressure method used by Puri (1925) Creel (1927), 
Thomas (192^) and Alexander (1936), the temperature of the material kept in 
vacuum is gradually raised and changes in the vapour pressure measured. The 
curve obtained by plotting the vapour pressure against temperature is considered 
characteristic of the mineral. 

In the dehydration methods,' the loss in weight of the sample when heated 
to constant weights at various temperatures is measured and identification carried 
out from an analysis of such features of the temperature- dehydration curves as 
lelative i>ropcrtions of ‘adsorbed’ and crystal lattice’ water and the critical 
temperature at which the lattice water is expelled, it being assumed that the 
loss of weight is due entirely to loss of water and no volatile matter or substance 
which gives up volatile mutter on healing is present. Ihree different techniques 
are followed in legard to the manner of heating the specimen giving vvJiat aie 
called methods, of in) continuous heating, ib) single heating, and (r) inter- 
mittent heating, lii (a) heating is done at a constant rate over the range 
2o''C to iooa®C aiidthe specimen weighed in situ (Tungcliambon, 1936). In (b) 
several lots of the same .specimen are heated each to a different temperature, 
cooled, and then weighed (Duiistall, 193$). In (c), which is the most coinniun in 
use, the same sample is heated and ivcighod at suitable intervals of tempera- 
ture (Kelley and others, 1939) 

In the so-callcd ‘rehydration-dehydiation’ metht»d suggested by Berkel- 
hainer (1943), amount oi water taken up by clay minerals previously heated 
to 3oo”C and that lost between 300 ""C and Poo'^C is used as criterion for their 
differentiation and identification. 

Examination under the microscope and determinations of refractive 
indices are the oi 3 tical methods usually employed for the identification of 
minerals. Owing to the fine grain-size of clay minerals a direct microscopic 
examination of individual crystals is not possible * However, in view of tlie 
platy nature of the crystallites they may be deposited from a suspension as 
faiily oriented optical units of microcrystalline aggregates which are more 
suitable for optical studies. These units show double refaction but in the 
majority of cases, the extinction is neither perfect nor shaii). Sometimes, 
when the particles are not deeply coloured, they show pleochroism. On 
account of the imperfectly crystallised state of the aggregates and in view of 
the presence of materials other than clay minerals in the clay fractious, 
Hendricks (1930) measured only the iliean refractive index (r.i.) of the aggre- 

* Robs and Kerr (1930), found a few comparatively large .single crystals of kaolinite, 
dickite and aacrite. 
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gates. Iwclley (1930) and others (Grimetal, 1937) however, deterniincd the 
lefractivc indices in three directions. All of them used the immersion method. 

Several limitations of the optical method for purposes of identi Tying clay 
minerals in clays, however, exist. The r.i. of any clay mineral varies within 
wide limits owing to isomorplious replacements wiih a consequent overlapping 
of the refractive index of different clay minerals. The r.i. of some clay 
mineral also varies with their water content and the immersion liquid (Correns 
and Mehniel 1936, Barner 1936). In the ('ase of soil colloids further difficulties 
arise from coatings of oxides and hydroxides of iron on the aggregates. 
On account of these t'omi)lieaiioiis idcaitiHeatioii of elay minerals is seldom 
possible by llie optical method alone. 

X-ray analysis offers the most powerful nu thod for identifying the mineral 
constituents of clays. Tt is also tfit only method with the help of which in 
addition to the d< 3 minanl clay minerals in the clay fra('tioii, accessory minerals 
as also elay minerals occurring in much smaller quantities can be detected . Tt 
was first used by TTuidricks and Fry and siibsef|uently by T<elh*y rrt)3i). 

Hofmann fic)34), Xegelschinidt (1034), Ivdelman Orini ^(r035\ Clark 

(i<^) 37 ) others fMehniel) 1038). 'I'he identification is carried ont in a strictly 
empirical manner by conij^aring the powder diagram of the clay fraction with 
those of known minerals. Since all the clay minerals have essentially the 
same general scliemo of structure, their diffraction patterns are extremely 
similar. The most eharacteristie diflerences are provided by their i)asal spacings 
fooi) which iierniit an unequivocal identification and differentiation of the 
clay minerals even in mixUtres ; olher lines are i)raetically of no value for this 
purpose. 

In addition to the peculiar and specific difficulties confronting each of the 
above physical methods of identification, they are all subject to the common 
limitation that they normally do not go beyond indicating the* general group 
to which a clay mineral found in a given clay fraction belongs. Distinction 
between closely related individual members of the same group, c.g., kaolin ite 
and halloysite, or, montinorillonilc and bcidcllite, is often not possible. The 
occurrence of mixed structure would further enhance the difficulties. How- 
ever, a judicious combination of these physical methods supplemented by 
exhaustive chemical analysis is likely to give an insight into the detailed 
mineralogical make-up of the clay fraction. 

A powerful tool for the differentiation of clay minerals has been recently 
provided by the electron microscope. The various clay minerals give charac- 
teristic and sufficiently distinctive electron micrographs ('Ardeniie 1940, Eitel 
1939.40, Shaw 1941, Humbert 1941, Bhaw 1942). The moutmorillonites 
(except nontronite) and illitc ''show structures ranging from a fluffy, amor- 
phous-appearing material to well defined, extremely thin plates, Nontronite 
is characterised by flat, frayed fibres. Kaolinite and dickitc both have 
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hexagonal platc-shapccl crystals. Dickite crystals are much thicker than most 
kaolinite crystals. Halloysite is characterised by long split rods.”* 

n A S H E X C II A N G K AND CRYSTAL STRUCTURE 

Diflerenccs in the lattice structures of clay minerals are strongly reflected 
in their base exchange properties. Since Way (i860), a part of the mono and 
bi-valenl cations of clay has been known to be readily exchanged for the cations 
of added salts. These are the so-called exchangeable cations or bases of the 
clay. The work of Kelley (1936)^ Marshall (1Q30-1Q35) and Nagleschmidt (1938) 
has definitely shown that the exchangeable cations are integral constituents of 
the lattice. The relation between base exchange and crystal structure has 
been discussed by Hofmann {i934*^i037>, V’aii der Menlen (1935), Edelman (1935) 
Schofield (1934) others. Two factors mainly determine cation exchange, 

vi-., the physical accessibility of the cation and the nature and strength of the 
force with which it is held within the lattice. Tlrindiug facilitates physical 
accessibility, as by this process the cations in the interior of the lattice are 
brought to the surface. Kelley and his co-workers have shown that grinding 
increases the base exchange capacity (b.e.c.) of a wide variety of minerals. 
The b.c.c. of the fclsjiars which arc considered to give some of the clay minerals 
on weathering increases markedly on grinding, r.g., from 5.0 to qi 5 milliequi- 
valents per 100 gms. in the case of orthoclavSc. Felspars arc- composed 
of linked Si- and Al-tetrahedra, one equivalent of cations, r.g., K, Na, or Ca 
being required for each A 1 atom to balance the charge. These balancing cations 
arc exposed on grinding and are readily exchanged. 

Zeolites have a high base exchange capacity. They are also built up by 
linked Si and A1 tetrahedra but unlike the fcLspars they have a honeycombed 
structure and the bases required to balance the negative charges of the Al- 
tetrahedra are accessible being located inside intercommunicating channels 
which permit the free passage of added cations through the interior of the 
cry.stals. Hence, as also pointed out by Kelley and Jenny, the size of the crys- 
tals need not bo reduced by grinding in order to reidace the balancing cations. t 
The b.e.c. of permutite is not affected by grinding w'hich is cousi.stent with the 
amorphous nature of this substance. 

Grinding lends to reduce the sheets of mica to extreme thinness, thus 
exposing a large number of ions originally lying inaccessible in between 
the packets. The b.e.c. of muscovite increases from 10.5 to 76.0 m.c./ioogm. 
Both K and Mg are \ixtractcd’ from biotite by a neutral solution of NH4AC and 
the quantity of each especially that of Mg, increases on grinding. The solid 

* Eiectrontnicroscopy appears to be the only method for differentiating raolintie from 
halloy.site. 

i The data recorded in their paper, however, indicate an increase in the b.e.c, of -thfc 
zeojite, natrolite, from 74,5 to 108.5 m.e. per 100 gni. on grinding. No reference to this 
increase ha.s been made bv the authors nor have they tried to explain it. 
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always adsorbs a quantity of NH4 equivalent only to that of K found in the 
extract. Apparently the exposed ions of the broken octaliedra arc repla- 

ced by NH4 but NII4 sii:calc being^ unstable the solid readily parts with 
this NH4. 

Talc shoves no base exchange capacity oven after extensive grinding as 
indicated by the fact that particularly no Nil 4 is adsorbed by the solid. As 
in the case of biotitc, however, Mg is extracted by the N^H^Ac solution and 
its amount considerably increases on grinding ; '‘at the same lime, the subs- 
tance appears to undergo decomi)osilioa”. 

Pyrophyllitc and kaolinile which usually do not contain any appreciable 
quantity of inono-and bi-valent cations and have a small base exchange 
capacity show increases in b.c.c. ranging from 4 to 15S.5 m.e./^oogm. and 8 to 
100.5 gm respectively on being ground to extreme fineness.* Kelley and his 
co-workers believe that tlie cation exchange jiovver of these minerals is traceable 
to the ions of the OH groups of the crystal lattice. Kaoliiiite possesses two 
types of OH planes, one immediately on the exposed surface of a lattice 
package and the other, a subsurface OH plane covered by a network of O ions. 
The latter OH groups are also accessible through the hexagonal gaps in 
the superimposed O-nelwork Only the subsurface OH planes arc present in 
pyrophyllitc. Grinding in a ball mill may split the crystals parallel to the basal 
planes or peri^endicular to them. In the first case, new T)lanes containing H‘*'ions 
would be exposed. In the second, the octahedral and tetrahedral layers would 
be broken. Hofmann, Hndell and Wilin (1934) suggested that the cations are held 
by the free valency of the broken tetraliedra on the edges of the Si-O planes. 
Kelley and Jenny criticised this hypothesis as it, according to their opinion, 
violates the law of ekctroiieiitrality. They, however, lose sight of the fact that 
when a c'rystal is broken, simultaneously with the negative part of the bond 
there exists the corresponding positive part which would remove from the 
solution equivalent amount of the anion. T he large increase in b.e.c. of 
kaoiinite and pyrophyllitc as a result of extensive grinding is, according to 
Kelley and Jenny, “due in large part, octahedral layers". The broken bonds 
may also polarise and adsorb water molecules which dissociate on the clay 
surface into OH and H ' ions* 

Hofmann, Endell and Wilm (1934) suggest that the high b.e.c. of extremely 
fine-grained kaolinile is due to lattice distortion. They have, however, not 
discussed the nature of such distortion and the part it is expected to play infixing 
cations. Lattice distortion may produce an electrical field in the neighbourhood 
but it is not likely to explain the high b.e.c. of finely ground kaoiinite. 

Shaw (1942) studied the efiecl of 'dry' as well as 'wcG grindings on the b.e.c. 
and 'electronmicrography’ ol kaoiinite. The b.e.c. increased to a greater extent 
on dry grinding. Wet grinding gave thinner flakes by cleavages along (001) planes 
having the hexagonal shajie characteristic of unground kaoiinite. The increase 

* Schachtscbabel U 94 o) could not find any increa.se in the b.e.c. of kaolinile on grinding. 
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in b.e.c. on wet grinding should be attributed in the light of Kelley's hypothesis 
to the greater number of planar OH groups thus exposed. Here again, 
some doubt as to the acid character of these OH groups and their possible con- 
tribution to the b.e.c. is cast by the fact that talc which also contains similar 
OH gioups, shows practically no b.e.c. even on extensive grinding. It is, 
however, possible that the acidic properties of the OH groups is not shown up 
in view of the stronger basic character of Mg compared with Al. 

The electronmiciographs reveal thicker but smaller particles as a result 
of dry grinding but their hexagonal character has almost disappeared. The 
smaller parlicle-sizc indicates a large number of broken bonds to which the high 
b.e.c observed on dry grinding is attributed. 

Shaw and also Grim consider that a large portion of the b.e.c. of the 
hydrous micas is also due to broken bonds. 

Montmorillonitc is diflerentiated from other clay minerals by its high b c.c. 
The b.e.c. is attributable in a large measure to the mono-- and bi-valciit cations 
which are incorporated into the lattice for balancing the negative charges develo- 
ped as a result of isomorphous rcplaecments. A quantitative agreement between 
the observed b.e.c. and that calculated on the basis of isomorphous replacement 
has been claimed by Nagelschmidt ^1940) (see also Mdrshall 1935). Gie.seking 
(1939) as also Hendricks and co-w'orkers 1943) showed that these balancing 
cations can be exchanged for large organic cations. Different organic cations 
give different values of the basal spacing (001) which definitely show that the 
exchangeable cations are held in between the packets. Hendricks, Nelson 
and Alexander (1940) consider that about 80 of the exchange positions 
of montniorillonite are located on the basal planes and the remainder on the 
edges of the flakes. Kelley and Jenny (1936) rejiort a coUvSidei able increase in 
the b.e.c. of bentonite on grinding. One palausible explanation of this increase 
is that the grinding exposes fresh layers of the blancing cations and also 
subsurface OH planes of the lattice. Electronmicrograi)hs show that while 
very fine fractions of montniorillonite consist of particles having the thickness 
of a unit cell, coarser fraction contain thicker particles which on “wet washing"' 
give particles unit cell thick. From studies of adsorption of gases Hendricks 
and Nelson (1943) concluded that air-dried montmorillonitc usually gives 
aggregates having the thickness of about 50 unit cells. Hence it is probable 
that montniorillonite also contains aggregates having thickness of several cells 
and grinding like ‘wet washing’ reduces their thickness. 

The increase in b.e.c. on grinding may also be brought about by the 
appreance of a large number of broken bonds. 

Grinding obviously reduces the average particle-size of the clay crystals. 
However, no quantitative infoimation regarding the variation of the average 
particle-size on grinding as also the effect of such variations on the b.e.c. is 
available. The clay fraction, even in the unground state, is a heterodisperse 
system. Subfractions having particle-sizes [more correctly, equivalent spherical 
diameters, (e.s.d.)] ranging between sjiecified limits have been isolated by the 
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controlled centrifugalisation of the entire clay fraction and their b.c,c/s deter- 
mined. In the case of kaolinitc and kaohnitic clays the b.e.c. increases with di- 
minishing particle size (Hannan 19^0, Spiel, 1040, Miikheijee, ct al.t 1942). 
An inspection of the electroninicrograph (Shaw 194^) shows that a decrease in the 
average e.s.d. is accompanied by a decrease in both the cross-sectional area and 
the thickness of the particles. Con.'>equeiitly, the broken bonds as well as the 
exposed basal OH groups of the lattice increase in number thus giving rise to 
a larger b.e.c. There is some confusion regarding the part played by the e s.d. 
on the b.e.c. of montmorilloiiile. Hauser and co. workers (Hauser, 1941 Hauser 
et al., 1937) t:laini to have shown that the b e.c. does not depend on the e s.d. 
According to them, this is due to the peculiar lattice .structure of montmorillo- 
iiite which admits of ionic exchange in between the packets. A definite increase 
ill the b.e.c. with diminishing e.s.d. has, however, been observed in the case of 
bentonites as well as iiiontmorillonitic hydrogen clays by Marshall (1935) 
and also Mitia ci al (1042, 1943). felectronmicrographs (Shaw 1942) show 
that coarser particles ot bentonites are not only thicker than the finer ones 
but have definitely larger cross-sectional areas. The smaller this area the 
greater will be the number of broken bonds, which wtmld account for the 
higher b.e.c. of the iiner fractions even if a complete exchange oi the cations in 
between the packets took place. Ihe finer fi'acticns, amongst themseives, do 
not appear to show any great dilTercnce in regard to the cross sectional area and 
the thickness. It is just possible that the very fine fractions studied by Hauser 
and coworkers consisted of particles having practically the same cross-sectional 
area but slightly different thickness. In that case, the number of broken bonds 
remaining practically constant no alteration in the b.e c. of such fractions would 
be expected if ali the interplanai cations were exchangeable. 

Of the two factors, physical accessibility and the nature and strength of the 
force with which the cations are held by the lattice, the latter mainly deter- 
mines the differences in the relative effects of various cations in regard to their 
capacity to replace the cations of the clay lattice. The lyotropc series Ba^ 
Ca>'Sr>'Mg>Cs>K!>Na>'L,i has often been observed in these exchange re- 
actions. Considerations of ionic size, valency, mobility and hydration have 
been brought forw'ard to account for this series. The H ion often occupies an 
anomalous "position in the serie.s, and usually has a much greater exchanging 
power than the monovalent cations (Wiegner, 1925 ; Jenny, 1932, 1936)- 

Most of the earlier work on cation exchange in clays was done on systems 
whose mineralogical compositions were not unequivocally known. The pure clay 
minerals have been used only recently for these investigations. Page (1939), Bar 
and Tenderloo (1934) and Schachtsciiabel (1940) have observed certain specificities 
in the exchange behaviour of the various clay mineials which have been traced 
to their characteristic lattice configurations. Page brought forward evidence 
to show that ions of a size permiting them to fit closely into the cavities formed 
by the hexagonal net of oxygens are least replaceable. Schachtschabel 
(1940) found that for NH4-montmorillonite, and have nearly the same 
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exchanging power ; all the divalent cations have nearly the same effect which 
is definitely smaller than that of the univalent cations. NH4-kaolinite gives the 
same sequence of the relative effects of cations as N'H4-niontmorillonite. 

K**" and in particular NH^4, are more tightly held by muscovite than the 
divalent cations. The relative ease of rei)laccmcnt of NH4^ from the three 
minerals follows the order montmorillonitc >• kaolinitc >- muscovite. When 
a mixture of montmovillonit and muscovite is treated with a solution containing 
Ca-and NH4-acetates, the mica takes up more of the NH4 and the montmorillo- 
nitc more of theCa^\ Hendricks and Alexander (1940) found a preferential 
adsorption of H * by mica and of by montmorilloiiite from a solution 

containing the two cations. 

The work of Schachtschabcl and Hendricks illustrates the modern trend 
of base exchange studies in clays \^’hich ijoints to an increasingly wider accept- 
ance of the clay mineral concept for a clearer understanding of base exchange 
phenomena. Further, base exchange criteria such as those suggested by 
Schachtschabel and Hendricks are sufficiently promising to warrant more 
systematic studies for their acceptance as a method for an unequivocal differentia- 
tion of the clay minerals and their identification in soil colloids. 
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INTER-ELECTRODE CAPACITANCES OF TRIODE VALVES 
AND THEIR DEPENDENCE ON THE OPERATING 

CONDITION 

By S. C. MITRA and S. R. KHASTGIR* 

ABSTRACT. A cloubIe-I)cat method was adopted for the measurement of intcr-electrode 
capacitances and their variations under thf usual operating conditions. The theory of 
the metliod and the procedure are fully desefibed and the experimental results obtained 
\\ itli eight different triodes are given in the papei . No grid-bias was employed and the 
effect of varying the filament current and the anode current ft>r three different anode 
voltages on the inter-c^ectrode capacitances was studie<L The filament and anode-voltage 
applied were suited to the individual v'alves employed in the investigation. The main 
features of the experimental results are discussed and their interpretations given. 

T N T R O D TT C T I ( ) N 

It is now common knowledge that the effects of inter-electrode 
capacitances arc of considerable importance, especially in the region of very 
high radio frequencies. In modern valves these capacitances are made 
as small as possible and in cases where lliese cajiacitances are not negligible 
methods are adopted to neutralise the effects of these inter-electrode 
capacitances as far as jiracticable. In view of the importance of the effect 
of inter-electrode capacitances, their actual measurements for various 
thermionic valves arc also of considerable practical value. Since there are 
large and perceptible variations of tlie inter-electrode capacitance with the 
changes in the space-charge between the electrodes or with the alterations 
in density of the moving electrons under various oiicrating conditions, an 
exact and accurate knowledge of such variations is of practical importance. 

In a triode the capacitances betw'een the three electrodes may be repre- 
sented by C^,/, Car/iandCa/. These are respectively the grid-filament the 
anode i-grid and the anode-filainenl capacitances. It is obvious that when 
considering any one of these inter-electrode capacitances, the effect of the 
other two in series, joined w ith it in parallel can not be neglected. It is 
possible, how^ever, to obtain the individual values of the inter* electrode 
capacitances with much difTiculty, when there is no filament curreiit and no 
grid or plate voltage. Many practical difficulties, liow'cvcr, arise when 
the filament carries a current and there is an anode current with a voltage on 
the plate or the grid. It was therefore thought desirable to develop a 
method of measuring the inter-electrode capacitances of a triode valve over 
a certain range of working conditions. 

Following a double-beat resonance method measurements of the 
individual values of the grid-filament, anode-grid and anode-filament capacita- 
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nces were made at a frequency of i Mc/s with different anode and filament 
currents for specified anode voltages. Measurements were also made with 
the filament cold and an estimate was made of the capacitances between the 
active portions of the electrodes as distinct from the total capacitance which 
includes the effect of wirings, leads etc. In the actual circuit, the following- 
eight triode valves of different types were studied : — 

(:) Philips K 406 (N) 

(2) Philips B 406 
^3) Philii)S B 405 
^4) Cossor 41 MP 

(5) Mazda PP 3/250 

(6) Hivac PX 230 

(7) American 2 A3 

( 8 ) Philips TC 03/51 

In all cases no grid-bias w^as applied to the grid. The maximum range 
of anode current corresponding to any triode could not, however, be utilised, 
as in most cases the anode current was found to diminish considerably 
as soon as the R.F. electrical oscillations were induced into the inter- 
electrode capacitances which were connected across the tuning condenser of 
the resonance system. The method and the details oi the experimentat 
procedure are set forth in a subsequent section. 

PREVIOUS WORK ON IN T E R-R b E C T R O O R CAPACITANCES 
OV A THERMIONIC VAbVE 

The inter-electrode capacitances of a valve arc usually measured by a 
bridge method using A.C. of 400 or 1,000 cycles/sec., with telephone as a 
balance indicator. Jones (1937) in a recent work employed a high frequency 
bridge and carried out some systematic measurements of the individul values 
of the inter-electrode capacitances of several triode valves with different anode 
voltages, and with varying filament and anode currents within working ranges 
of the valves. Measurements at i Mc/s. revealed the following main 
features : — 

(1) The grid-filament capacitance increased with anode current up to the 
point at which the grid current began to flow, 

(2) The increment of grid filament capacitance corresponding to a given 
anode current diminished with the increase of anode voltage. 

(3) The increase of grid-filament capacitance did not depend merely on 
mutual conductance, anode circuit conductance or anode current. It increased 
with filament temperature and was therefore probably affected by the initial 
velocity of the elections, 
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(4) The grid-anode capacitance was found to diminish with the increase 
of the anode current and the reduction was found to be much smaller pro- 
portionately than the increase of ftrid-filainent capacitance. 

(5) Every type of valve examined showed effect of the same kind. Even 
the small **acorn*’ triodes and pentodes showed increase of grid-filament 
capacitance amounting to 50% of the cold’ value. 

Much work 011 the inter-electrode capacitances was, however, made 
both theoretically and experimentally, in connection with what is known as 
the Miller effect. The theoretical tieatmeul of the effect of inter-electrode 
capacitances in a triode network was developed by many, of whom Nichols 
(1919), Miller (1919), Hartshorn (1C27) and Colebrook (1929)' are most 
outstanding. The effect was theoretically shown to be ecpiivalent to an input 
impedance across the grid and the filament The conclUvSions about the 
input impedance which again could be resolved into input capacitance aud 
input resistance of the triode network and also about voltage amplification 
were in some measure veiified by the ineasurements ot the inter-electrode 
capacitances and of the voltage amplification, 

T H K O R E T I C A b C ( ) N .S I I> K R A T I O N S— 

K g U I V A b E N T NET WORK OF A TRIODE 


A triode is represented in Fig. i, wheie Za and Z,, are the external 





Fig. I 

Triode Net work 


impedances of the anode-filament and the j^rid-filament circuits respectively. 

Let C,f, C.„ and C./ be the grid filament, the anode-grid and the ano - 
filament capacitances respectively. Representing the 

convection current between the filament and the anode by R„ which is m 
shunt with the capacitance C./, and remembering that a potential e, 
impressed on the grid introduces an E.M.F. equal to m the anode 

circuit the input impedance can be obtained by including , m the an^ 

ior .bo ...work, (boro » .ho .mpltot.ob f.o.0. of .h. «IVo). 
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Unless the frequency is very high and is o er lo* cycles per sec. the 
anode-filament capacitance Ca/ can be neglected, as it is shunted by 
which is low compared with the impedance due to Ca/. For low frequencies 
neglecting Ca/, the effective input inii)edance is given by 


Z 


{/ 


1 +jt»iCaar 

yc /«* u 

I -i' jioQ_ ^r "t ( I /xjjt/R p) 

V- rt / 


(i) 


where 


- 

Rr +Za 


andoi==2n-x fiequency. 


Writing the general form for Z^, viz,, Za = ra+y:Va 


it can be shown that Z„ 


or hd , .ad — he 
^ 3 -^^ if 


(2) 


= *■ I* f/ + yv ,, 


where the coefficients have the values 

= R /j + r a **^R pT rt Ca // 

h <^>R pi a u ^ a 

^ ^R ;»! a C fC-aif ti).V a (C 1/ / ~^“ C a // “i" o C a */ ) 

(f — <A) R pXa^ it /"C a if ““ <^*R p{^ f/ f Car/) a ^C (/ / "t C a // o C a </ 1 


Assuming again the output inpedance to be inductive, i e., putting .Va^^toC^ 
and denoting the amplification factor of the valve by /^o. the input resistance 
Tg and input capacity Cg are given by 




R /jCg (j (R ^r ft C t; r a C « if/ ^ n g o L ft ) 
[R/»(C\/ / + Ca f/) + raCCf, /• + Crt f, +^oCa ,/)]^ 


^ 3 ) 


and Cf7 = Cgf + Ca/;r i + -- — ■ ) ... (4) 

\ JV /> "r r a / 

When i a=o the input capacity is reduced to 

Cff = Qfff “t" Cag ... (5) 

For high frequencies (w>-io*^) where th(' anode-filament-capacitance Cf^r 
cannot be neglected, the effective input impedance will be given by 

ry + .bc~-ad 

" c^+d^ + 

where the coefficients have the values 
a *= wR pTa {C£^f ^ Cog) + Xa 

b ** wR pXa (C«/ + Capr) ““ R Ra 

C = <*>ra(Cfff ^ Cap "t" /^©Crtp ) + cuRp(Cpf + Cop) <**^R;»ta(Cp/Cap Cp/Cof 4* CtugCaf) 
Cof + MoCo/) w®R;,ro(CpfCop + CpfC»(/+ CgpCg/) 
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Since w is large, we can neglect the w terms of the lower order in 
comparison with those of the succeeding and higher orders. 

Now putting or > we get approximately 

r,/ — o 

Ca.<; + C rtf 


-CV+ 


Car/ + duf 


(6) 


Thus at very high frequencies the input capacity of a triode network is 
practically Independent of the constants of the external output circuit It can 
be looked upon as a ‘grouped’ capacitance with the grid-filanient capacitance 
placed in parallel with series coinhination of the anode-grid and the anode- 
filament capacitances. The input capacity can therefore vary only when the 
individual capacitances change with the change of the working conditions. 


METHOD ( >1' D K T K R IM I N I N O THE I N D T VM D V A h V A L, V E vS 
O V IN T R R-E Iv E C 'I' ROD K C A P A C T J A N C E vS 

(a) Individual values oj tapaciiances icilJi no jilameni current and no 

anode voltage 

The method adopted consists in taking three separate observations of 
grouped capactiances : 

(i) W^ith grid and filament connected together, the capacitance across the 
anode and grid (or filament) is determined. 

Denoting this by Ci, we have 

Ci=CVv-+ Ca/ (grid and filament shorted) ... (7) 

(ii) With anode and filament connected together, the capacitance across the 
grid and anode (or filament) is next determined. 

Denoting this by C2, we have 

C^ — Caif + Crjf (anode and filament shorted) ... (8) 

(iii) With anode and grid connected together, the capacitance across the 
filament and grid (or anode) is then found. 

If this is C3, we have 

C.j = Cf7/-+-Ca/ (anode and grid shorted) ... ^9) 

From (7), (8) and (9) it is evident 

i(Ci C2 1 

i(C, -HC 3 -C 2 ) = Caf \ 

4(C2 + C3-C|) = Q/ i 


... (10) 
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By measuring C|, C2 and C3 the individual values of Can, and Cn/are then 
obtained from (lo). 


(b) Individual values of inter-clectrode capacitances of the triode under 
7vorking conditions with filameni and anode voltages 


From the theoretical considerations it is evident that in the triode network 
with an output circuit employed under the working conditions, the input 
capacity of the triode at very high radio frequencies is approximately given 
by (6), viz., 




Cap + C(nf 


Thus, (i) if a comparatively large capacity (C^Cap/) is placed across the 
anode-filament capacitance, the ini>ut capacity as given by (6) will be 
reduced to 

C 1 = Cfff Cat/ f 1 1 ) 


Again, (ii) if a comparatively large capacity ( 0 ^ 0 ^^/) is inserted across 
the anode-grid capacitance, the input capacity as given by (6) under such 
condition will be given by 

= ••• (12) 

Next, (iii) when a relatively large capacity (C^C./f) is placed in parallel 
with the grid-filament capacitance, the effective capacity between the anode 
and the^rid will be given by 


= =C„„+CV (13) 

Cgf+ Cff/ 

from (ii), (12) and (13), the individual values of the inter-electrode capacitances 
of the triode come out as follows : 




p . — C9 + C3 — Cl 
^af 


P + Cl ~C2 

y^aff ;;; 


(14) 


For measuring the variations of the individual capacitances for various 
values of filament current and anode current and under specified values of 
the anode voltage, the values of the ‘grouped* capacitances Ci, C 2 and C3 
are measured foi different values of filament current and anode current under 
the desired conditions. Curves are then drawn showing the variations of C 1 , C2 
andCs. From these cm ves, the variations of the individual inter-electrode 
capacitances for varying values of filament current and anode current under 
desired conditions are obtained with the help of (14). 
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M R 1 H O O F M R A vS n R I N O T H R ‘G R ( ) 17 P R D’ C A P A C I T A- 
N C E vS AND E X P E R T M E N T Ah P K O C H DURE 


The experimental arraiiRemeat is shown in Fij^. 2 and ihu procedure is 
described below : 


The particular ,croiii>2d capacitance ( 1 ,, or C-, was connected by 
extiemely short leads in parallel with the tuniiii> condenser of capacity C of 


To 

PAIR or 
valve 

Electrodes 



Experimental arranjjeinent 

A. V, O— Audio frequency oscillator 
Iv. P\ A. — Ivow frequency amplifier 
Iv. S. — bond speaker 
'I'd. — Telephone 


the oscillatory ciicuit of a suitable Hartley oscillator. The chan^^e in the 
value of this ‘grouped’ capacitance, when the inter-electrode space w^as filled 
with electrons, was balanced by chan^iiiR the cai>acity of a small calibrated 
variable air condenser in parallel with C and the desired ‘;4rouped' 
capacitance so that the total capacity (Ci , 2*;} "k C Ca) remained constant. 
HiRh fiequency oscillations from the oscillator were received by an oscillator- 
detector valve-ciicuit. When the detector circuit was nearly in tune with 
the oscillator, the familiar heterodyne whistle was heard in the telephone 
placed in the anode-circuit of the receiver. The audio-frequency voltage 
developed across the telephone was amplified by a three valve amplifier of the 
conventional type and fed into a loudspeaker w^hich gave a loud musical 
note. On introducing into the same loudspeaker an audio-frequency current 
from an audio-oscillator capable of producing an intense note of fixed 
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frequency, beats were heard by suitably adjusting the heterodyne frequency. 
The latter adjustement was made by varying the small variable condenser Ca. 
In parallel with Ca was also used a specially constructed variable vernier 
condenser construcetd from a spheronieter. With this condcuser very 
small variations of capacity could be effected. A variable resistance was 
placed in the secondary of the transformer used with the loudspeaker to 
match the iutesity of the heterodyne whistle with that of the audio-fre 
quency note. Adjustments of the small variable condenser Ca or the sphero- 
metcr condenser C« in the oscillator to produce no beats were then success- 
ively made with filament ‘ cold * and with different values of the filament 
curient and anode current which were noted. The vaiialion in the value of 
any particular ' grouped ’ capacitance with the change in the filament cuirent 
(or the anode current) was thus accurately determined over a certain range of 
filament current or anode current suited to the value under examination. 

A suitable D.C. meter with a coil of H.F. imi)edance was inserted 
in the anode circuit for measuring the anode ciirrent and a suitable ammeter 
in the filament curcuit for measuring the filament current of the experimental 
valve. 



Fio. 3 

Experimental valve connection 

In Fig. 3 are shown the electrical connections and the insertion of a 
condenser of relatively large capacity in the circuit of the experimental va«ve 
for obtaining the * grouped ' capacitances Ci, C2 and C3. 

In the spherometer condenser a circular disc formed the fixed plate of this 
ait -condenser and a similar circular disc, placed vertically above and parallel to 
the former, could be pushed by the central leg (which was cut short) when the 
graduated spherometer disc was given a right-handed turn. On giving a left- 
handed turn to the spherometer disc, the central leg would move up and 
the upper circular disc of the vernier condenser could be pulled up by a steel 
spring suitably fixed. Earthed guard-rings made up of thin brass foils, were 
inserted round the two parallel discs. The spherometer disc had a graduated 
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scale with 50 big divisions, each of which was further divided into 5 aniall. 
divisions so that a turn through one small division would mean a very small 
change of capacity of the order of 

It can be seen from the circuit diagram of the oscillator system that one 
plate of each of the condensers which were in parallel was also earthed. It 
was so arranged that the rotating plates of the condensers each of which was 
enclosed inside a shielded box were at the earthed end. Each of the smaller 
condensers was varied by turning a long glass rod fixed to the condenser knob. 
The effect of hand capacity was thus reduced to a minimum. 

E X P E R I M K N T A Tv H E S U E T S 

(i) Measurements of inter-electrode capacitances without filament 
current and without anode voltage. 

Following the method outlined in Sec. 4(a) the inter-electrode capacitances 
with no electrons in the inter-electrode space were then determined. The 
results are given in Table i. The amplification factor as obtained by C ^ / jCa/ 
is also entered in the table. 


Table I 


Capacitances in fxfxjf 


Valves \ 

i 

C.y 

Ca f/ 

c./ 


I. 

Philips 

E 406 (N) 

9.0 

8.3 

3 T 

3-0 

2. 

ft 

B 406 

5-6 

4.8 

3.8 

1.4 

' 3 . 


B 405 

.S -8 

4.7 

4-65 

1 

r.3 

4* 

Cossor 

41 MP 

9-35 

8.15 

4-75 

1.9 

5- 

Mazda 

PP3/250 

11.9 

12 2 

5-* 

2.3 

6. 

Hi vac 

PX 230 

5-7 

7-9 

2 75 

2.7 

7 - 

Amei ican 2A3 

7 4 

14 4 

6 8 

1. 1 

8 , 

Philips 

TC 03/51 

3 9 

3-5 




(it) Measuremeni of inter-electrode capacitances with varying anode 
current for three different anode voltages . 


The method outlined in sections 4(b) and (5) was followed : 

First a capacity 500/i/t/ was placed across the anode-filament electrodes. 
With such a relatively large capacity, the effective capacity between the grid 
and filament electrodes was measured. This measurement gave the value of 

the *gr6ui>ea* capacitance Ci, 

J629P— 3 


— >Micromicro-farad. o — >Micromicro-farad. 


90 


S. C. Mitra and S. R. Khastgir 

where + ••• (15) 

Secondly, with a capacity 500/x/i/ across the anode-grid electrodes, the 
effective capacity between the grid and the filament electrodes was measured. 
This gave the value of the ‘grouped* capacitance C2, where 

Ca = C^/ + Ca/ ... (16) 

Philips B406 



•--->Anode current in tn. A. Philips B 406 '(N; 


Fig. 4 


— ^ licromicro-farad. o — >!Micromicro-farad. 
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Thirdly, with a capacity scoft/i^ placed in parallel with the grid-filament 
capacitance, the effective capacity between the anode and the grid electrodes 
was measured. This yielded the value of the ‘grouped’ capacitance C3, 

C3 = C„„ + C,^r ... (17) 



FlG. S 


— >Micromicro-farads. o — ^Micromicro-farads. 
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The values of Ci, C2 and C3 were measured for no filament current (t.e., 
for no anode current). With increasing values of filament current and 
anode current for a fixed anode voltage, the changes of Ci, C2 and C 3 were 
then obtained and curves were drawn showing ACi’ AC2 and AC3 against 


American 2A3 
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anode current for three different anode voltages. From these curves the 
changes in the individual inter-electrode capacitances r/r;. 

ACf7/, ACffi/ and ACw/* were determined from (14) for different values of 
the anode current and for the three fixed anode voltages. Since the inter- 
electrode capacitances for no filament current were originally measured the 
acutal values of Cgf, Qag and Qaj could be easily found for different anode - 
currents for the three fixed anode voltages. 

The changes in the individual capacitances i,e. ^Cgf, and ACr^f for the 

Philips K406 (N) and B406 valves are shown Fig. 4. In Figs. 5 and 6 are given 
the variations of the inter-electrodo capacitances for the Philips B405, Cossor 
41MP, Mazda PP3/ 250 and American 2 A3 valves. Similar variations for the 
Hivac PX230 and the Philips TC 03/51 are illustrated in Fig. 7f values 
of fio as obtained from Qf/Crt/are also shown in Figs. 4, 5 and 6. Variations of 
the inter-eiectorode capacitances with anode current for thiee fixed anode 
voltages were [studied. 


SUMMARY OF EXPERIMENT Ab RESULTS 

Summing up all the experimental results with triodes having no grid- 
bias, the main features which were observed, except in the case of the Philips 
TC 03/51 valve, are the following : — 

I. (a) There was a steady increase of the grid-filament capacitance with 
the incrase of anode current within the experimental range. 

(b) For the same anode current the observed of the grid-filament 
capacitance was larger for a larger anode voltage, except in the case of Hivac 
PX 230 valve, where the increase was smaller for a larger anode voltage. 

II. (a) There was a comparatively slow but steady decrease of the artode- 
grid capacitance with the gradual increase of anode current. 

(6) For the same anode current, the observed decrease of the anode-gnd 
capacitance was large for a larger anode voltage, except in the case of Hivac 
PX 230 valve, where the decrease was smaller for a larger anode voltage. 

Ill There was a gradual decrease of anode-filament capacitance with 

rhe anode current with an occasional increase with further increase of anode 

‘'“"Tv There was a rapid rise in the amplification factor as obtained from 
the ratio of with anode current assuming or tending to assume a 

following ^distinctive features : 

(a) The grid-filament capacitance was found in general to decrea^ 
ta) ine gnu current up to a point beyond which 

readily »i.h the of The 

,al„e of the anode cutient for the higher anode 
So value of AC„..a found to increase a. ro m.A., 5 nr.A, and 
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2 m.A. respectively for 150 volts, 120 volts and 90 volts on the Anode 
(see Fig. 7). 

Philips TC 03/6^ 



o — >Anode current in m. A. HIyec EX2S0 

Fig. 7 

ih) For 150 volts on the anode there was an initial increase of the grid- 
filament capacitance^ a feature which was not observed for the lower anode 
voltages. 
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ic) The anode-grid and the anode-filament capacitances were found to 
decrease steadily with the increase of the anode voltages for all the three anode 
voltages employed. 

The observed variations of the grid-filament capacitance and of the anode- 
grid capacitance for the maximum change of anode current for different anode 
voltages are shown in Table II for all the thermionic valves : — 

Table II 


Valves 

V„ Volts 

A*n (ni.A.) 

1 ACs,/. l/A^tF) 

A C„p.(mmF) 

(i) Philips E406 (N) 

150 

1 O-IO 

+ 3-46 1 

-3 19 

C^/- = 9.o/xmF 

132 

; 0-7.5 

■+•2.48 

-2.30 

C.,=8.3 „ 

io 8 

0-6 

-fi.77 1 

— 1.66 

(2) Philips B 406 

140 

0*3.5 

+ 3-25 

-3.16 

C»/-5-6/amF 

122 

0-3.S 

4-2.23 

-2.17 

»» 

98 

0-2.5 

•4-1 78 

— 1.27 

(3) Philips B 405 

140 

0-7 

+ 3.40 

- 3*25 


98 

0-4 

H-1.86 

-1.74 

Ca»= 4*7 tf 

50 

0-2 

4-1 06 

— 0.96 

(4) Cossor 41MP 

142 

0-4.5 

4-1.27 

— 1. 16 

Cj,/= 9 . 35 M/*P 

124 

0-3 

4 0.44 

- 0*37 

C« g —8.15 y| 

100 

0-2.5 

4-0.19 

1 

1 —0.12 

(5) Mazda PP 3/250 

150 

0 — 14 

+3-80 

-3 83 

Cgf^ii.g /Af*F 

132 

0—12 

+ 2 . 8 q 

— 2.80 

— 122 1 , 

208 

0-8 

4-2 15 

— 2.1 

(6) Hivac PX 230 

150 

0-7 

4-1.27 

-1.44 

C,,== 5 - 7 MA^P 

132 

0 — 6 

4-1.51 ! 

-1.53 


loS 

0-4 

4-2 41 

-2.25 

*7) American 2 A3 

142 

0-8 

4-3*82 

-3.61 

C,/=^ 7 - 4 M/*F 

124 

0-5 

-4-2.16 

-2.03 

C« 0 = 14*4 »» 

100 

0-5 

4-1.78 j 

— 1.68 

(8) Philips TC/03/51 

150 

0—12 

— 0.26 

-2.32 

Cj,r = 3 - 9 MMF 

108 

0 — 8 

-1.56 

- 2.39 

C„j,=: 3.5 ,, 

60 

0—6 

— 2.28 

-1.36 


interpretation of K X P'E R I M E^N TAb RESULTS 

We shall now explain the experimental results regarding the variations of 
the gnd-filament and the anode-grid capacitances with the variations of the 
anode current. The nature of the variations of the anode-filament capacitance 
(or of the ratio C^//Cfl/) would, however, depend on the rates of change of the 
gri4-filainent and the anode-grid capacitances with anode current for the indivi- 
dual valves. 

Any inter-electrode capacitance of a triode should naturally depend on the 
presence of electrons coming from the hot filament towards the anode. The 
electrons usually bring about two effects: (i) a reduction in the dielectric 
constant of the inter-electrode medium and ( 2 ) a conductivity effect across the 
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electrodes. The first would cause a steady reduction of the inter-electrode capa- 
citance with the increase of the electronic current through it. The second would 
involve a slight and apparent increase of the inter-electrode capacitance, since the 
conductivity acquired by the inediurn introduces a damping (a scries resistance) 
in the resonance circuit, thus increasing the apparent capacitance between the 
two electrodes in the conducting medium, the other factors, namely the induc- 
tance and resistance of the LCR-circuit remaining the same for a given frequency 
of the alternating field. Thus with a larger anode current, when there would be 
a greater conductivity effect, the apparent increase of the inter-electrode capa- 
citance would also be greater. In the experiments of Khastgir and Chowdhury 
(iy4oh on dielectric constants of electronic medium, this apparent increase of the 
inter-electrode capacitance was found to be negligibly small for lower radio 
frequencies (less than 400 Kc/s) and for about 1 Mc/s, this was found to be 
about half the decrease of the same capacitance due to the reduction of the 
effective dielectric constant of the electronic medium The conductivity effect 
due to high frequency oscillations in the electronic medium during observation 
is, however, extremely small in the high-vacuum thermionic valves. On the 
whole> therefore, the inter-electrode capacitance would drecease with the increase 
of electron concentration, i,c., with the increase of anode current (for a given 
anode voltage). This normal feature is usually observed in the case of the 
anode^grid capacitance. 

In the case of the grid-filament capacitance also a similar decrease of the 
capacitance value with the increase of anode current would be observed, provided 
there is no space-charge. In the neighbourhood of the filament, for low anode 
voltage and large filament current, there is always some space-charge. The 
effect of the space-charge is significant. Referring to P'ig. 8, where some poten- 



KffcKit of space charge. 
Fig. 8 
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tial distribution curves between the anode and the filament for different amounts 
of space-charge are shown, it is clear that the effect of space-charge is to produce 
a curvature of the potential distribution curve. When the space-charge is suffi- 
cient, the potential curve shows a negative gradient in the neighbourhood of the 
filament and the curve passes through the zero potential (with respect to the 
filament! at some distance x from the filament (curves 3 and 4). At distances 
less than x, the potential shows a negative value. W’lth increasing anode poten- 
tial, the space-charge becomes small and the distance .r shortens. For suffi- 
ciently high anode potential, when the space-charge is considerably reduced, the 
potential gradient becomes always positilffe (curves i and 2). In short it can be 
said that owing to the space charge and tbe influence of initial velocities of the 
electrons, the surface of zero potential shifts shightly towards the anode and the 
effective distance between the grid and tiie filament is slightly reduced as the 
space-charge is increased. With a large space-charge, therefore, there will be an 
increase in the effective capacity between the electrodes. In the grid-filament 
space this space-charge effect usually overcomes the normal effect (when there is 
no space-charge), a decrease in the effective capacity of the grid-filament 
space due to the reduction of the effective dielectric constant of the electronic 
medium. An increase in the effective value of the grid-filament capacitance with 
an increase in the anode current is thus expected from this point of view. 
Further, according to this view the increase of the grid-filament capacitance for 
a given anode current would be less for a higher value of the anode voltage. 

While the former conclusion, viz., an increase of the grid-filament capa- 
citance with an increase of anode current, is substantiated in our experiments 
within the range under investigation, the latter conclusion, regarding the relative 
increase of the grid-filament capacitance with the magnitude of the anode voltage 
for a given anode current, is, however, found to hold only in the case of one valve 
(Hivac PX 230). With the remaining valves the sequence was found to be 
reversed. This indicates that there must be some other factor or factors affecting 
the variation of the inter-electrode capacitances. The main factor appears to be 
the emission of secondary electrons at the giid and the anode for the higher 
anode voltages. When such secondary emission takes place at the grid surface, 
the latter acquires a positive potential. With a perceptible positive potential on 
the grid, the following effects will have to be considered. 

(i) In the grid- filament space, the electrons flowing from the filament to the 
grid would move faster with a positive than with a neutral grid. Hence for a 
given thermionic current given by n.e.v. (where n = electron density, a; = elcc- 
tron velocity and ^ = electronic charge), the average electron density would be 
less, as the velocity of the electrons would be larger, so that the decrease of the 
grid-filament capacitance due to change of the dielectric constant of the electronic 
medium would be smaller for the higher anode voltages for which there is 
secondary emission. Thus for higher anode voltages, the increase of the grid- 
filament capacitance due to space-charge would indeed appear larger. The 
experimental result that in all valves excepting the one already mentioned, the 
3— 1639P-— 3 
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increase of grid -filament capacitance, for the same anode current, was greater for 
the higher anode voltages can thus be explained as due to the effect of secondary 
emission at the grid surface. In the Hivac PX 230 valve, the anode-current vs. 
filament-current for the higher anode voltage clearly showed that the secondary 
emission was indeed small, so that the exceptional result with this valve are to 
be expected. 

The increased conductivity due to the emission of secondary electrons for 
higher anode voltages would, again, cause an apparent increase in the inter- 
electi ode capacitances. This would also affect the relative increase of the grid- 
fihiment capacitance for different anode voltages in a way similar to what has 
been actually observed with most of the valves, (ii) The effect of the secondary 
emission will also explain the sequence observed in I he decrease of the anode- 
grid capacitance of most of the valves with different amounts of anode voltages. 
Positive potential on the grid would retaid the electrons going from the grid to 
the anode. As a consequence with a high anode voltage producing secondary 
emission, for the same anode current, the number of electrons per c.c. would be 
larger than when there is little or no secondary emission for the lower anode 
voltages. This would result in a larger decrease of the anode-grid capacitance 
for the higher anode voltages. The observed result that for a given anode 
current the decrease of anode-grid capacitance for most of the triodes under 
examination was larger for the higher anode v'oltages can thus be explained. 
With little or no secondary emission at the grid as in the case of Hivac PX 230 
triode, the decrease of the anode-grid capacitance w ould evidently be smaller with 
higher anode voltages, as with a higher value of anode voltage the electron 
velocity v would be much larger, and the electron density n would be neces- 
sarily smaller for the same value of the anode current given by n-e.v. 

It is possible that other factors may also affect the variation of the inter- 
electrode capacitances. The works of Scliottky (1914), Epstein (1919^ P'ry (1920) 
and others on the increase of grid filament capacity due to the space-charge 
effect clearly showed the dependence of grid-filament capacitance on the inter- 
electrode distances and the potential applied to the anode. The relative i^ositions 
of the electrodes in different valves would thus, to some extent, determine the 
effective value of the inler-eiectrodc capacitances. 

In the case of the Philips TC 03/51 valve, the variation of the inter-electrode 
capacitance between the grid and the filament with the changes of anode current 
was found to be somewhat different from what is generally observed w’ith the 
other valves (Fig. 7). The relative positions of the electrodes of the transmitting 
v.tlve must have been such that the space-charge effect on the grid-filament capa- 
citance did not immediately come into operation. With a high voltage the effect 
made its appearance for a relatively large value of the anode current. With a 
low^er anode voltage the effect showed itself at a smaller value of the anode 
current. Beyond this value of anode current, therefore, an increase in the grid- 
filament capacitance was observed with further increase of the anode current., 
For anode currents less than this value, there was a decrease in the value of the 
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grid-filament capacitance as expected. An initial inciease in the grid-filament 
capacitance for the highest anode voltage employed (V« = i50 volts) was, however, 
an unusual observation. But this can perhaps be explained as due to the copious 
emission of secondary electrons at th^ anode and the grid for such high anode 
voltage. The increase in the conductivity of the inter-electrode space due to the 
emission of secondary electrons at a high anode voltage would effect a percep- 
tible apparent increase in the value of tht inter-electrode capacitance. For smaller 
anode currents therefore this increase in the inter-electrode capatitance will make 
itself felt in the final result. For small^ anode voltages, for which there is no 
secondary emission, this initial increasii is not expected. This is exactly what 
was observed. 

Physics DnrARTMKM* 

Dacca Univkrsity. 
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ULTRAVIOLET BANDS OF CADMIUM IODIDE 

By C. RAMASASTRY and K. R. RAO* 

(Plate IV) 

ABSTRACT. The emission bands of cadmium iodide as excited in a transformer and 
n a high frequency oscillatory di.scharge, are photographed with a I lilger quartz lyitrow 
spectrograph. A doublet system due to the electronic transition -n— " 2 , analogous to the 
halide bands of related molecules is established. The far ultraviolet system, partially 
recorded by Wieland is extended and the vibrational formula 

7-=4i9i2.4+[io8.5(t^'4-4)~i 

-[179 iU^''+5)-o 8 ( 7 ^"+ir-] 

ie calculated. The common final *5 state is probably the ground state of the molecule. 

INTRODUCTION 

The first extensive work on the band spectrum of cadmium iodide was 
done by Wieland (1929) who recorded the following characteristic systems 
and divided them into three classes. The last column in the Table I is the 
new designation suggested by us in conformity with that of the iodide bauds 
of zinc and mercury. 


Table I 


Region 

1 

Class 

New Designation 

A 6600— A3600 

III 


A group of three bands at about A3 560 

-- 

c 

A 3500-3250 

I 

D 

A 2550 -A 2350 

II 

E 


The wave-lengths of the group of three violet degraded bands of system 
C are 3586.3(0), 3563.2(3), 3541. 1(4^ The method of excitation was a high 
frequency discharge through the vapour of cadimiuin iodide and the largest 
dispersion used was about 10 A per millimeter at A 2500. A complete 
vibrational analysis was given only of one of these system (Class I) and 
regularities were shpwn among the bands of the Class II system. The visible 
system (Class 111 ) was at first ascribed to the triatomic molecule Cdl2 but 
later work by the same author indicated that this system too was due to the 
diatomic molecule Cdl. 


Fellow of the Indian Physical Society. 
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In recent work on the structure of the baud spectra of the halides of 
Group Il-b elements of the Periodical Table by Hovvcli (1943) and by Rao and 
others (1944a, I944t>, 1946) the view was established that these molecules give 
rise to band systems corresponding to the electronic transition in 

which the electronic width of the ‘^11 term is related to the corresponding 
atomic interve 1 of the metal atom and tliat the transition is between the 
non-banding or atomic orbitals. 

Examining the cadmium iodide bands in the liglit of this view, Howell 
suggested that the system analysed by Wieland between A 3500-A3250 is 
one of the components of the predicted ‘^11 — ^2 systems, the other missing 
component is to be sought among tl|e fragmental y group in the vicinity ol 
A3550 mentioned by Wieland. Tfae system, further to the ultraviolet lying, 
at A2400, is interpreted as probably due to the transition ‘^2 - ^2 the lower ^2 
state being the ground state of Sie molecule. The present work is can ied 
out in order to establish, if possible, .the missing component of ^11 — 2^ system 
and to study the vibrational analysis of the far ultraviolet system (system !E). 

BXPRRlMENTAlv 

As in the previous work on the bands of the iodides of zinc and meicury, 
two different sources of excitation have been employed for the excitation 
of cadmium iodied bands — a transformer discharge and a high frequency 
valve oscillatory discharge through the vapour. The h. f. oscillator 
set was specially constructed by one of the autliois for the purpose. A 
much higher temperature of the vapour was found necessary with cadmium 
iodide than with either zinc or meicury iodides. A discharge tube of quartz 
or of special ignition ryrex had to be employed and heating was done con- 
tinuously by a set of etna burners along the length of the tube. 

R B S U iv T S 

About 90 bands were measured between A3516.8 to 3288.2 in system D 
by Wieland comprising of the sequences from (0.8), to (4.0). In addition 
to these bands, the authors obtained on their plates a number of new bands 
towards the violet end of the system as seen in the reproduction (Plate IV A). 
The wave-length data of these additional bands is given in Table II- 

Two possibilities of assignment of these bands are considered, one being 
to regard them as the extension of the system D, the bands forming higher 
members of the sequence (3,0) and (4,0) obtained by Wieland. But a 
somewhat abrupt increase in the intensity of the bands is observed at 
y 30434.8 and 30257.1. leading to the possibility of regarding these bands 
as forming a different system altogether. The vibrational scheme given in 
Table III was then examined giving A G (v") values agreeing with those of 
the final state. If this were correct, it would seem that this may be 
the missing component system with the interval betweeri the (0,0) bands 
equal to 30434-8-29532.9=901.9 cm. This is much too different from the 



W2 


C. R. Sastry and K. R. Rao 


predicted separatiou of 1140 cm. Further, the missing system more 
probably lies towards the longer wave-length side of the main component, 
as observed by Howell. On this aocount, the new bands are believed to 
form part of system D itself. A search further to the violet did not reveal 
any bands ascribable to Cdl molecule. 


Table II 


Wavelength 

Wave number 

Int. 

3340 06 

30257-1 

2 

3300 41 

30290 6 

1 I 

3297*23 

30319 8 

1 

.1 *93-97 

30349*8 

i) 

3*9* *7 

30375*6 

0 

3*87.83 

30406.5 

0 

3284 87 

30434 8 

4 

3282.08 

30459 7 

1 

3279 *7 

30487.8 

2 

3276.06 

50515 7 

2 

3273*26 

30541*8 ' 

0 


Table III 


o 

X 

3 

3 

4 

5 


012345 

(177*7) (169.1) (167.9) ^165.8) (1662) 

30434.8 30257.1 

30459.7 30290-6 

30487.8 30319.9 

30615.7 30349.9 

30541.8 80376.6 


30406.5 


The three bands, .(.designated by us as system C) mentioned by Wieland, are 
distinctly observed on our plates (Plate IV A) and their wave lengths obtained 
from a quartz Littrow plate are given in Table IV. 

Table IV 

X »' (int ) By {v\ v") 

354 * 04 28232.9 (6) (0,0) 

?563*52 28054.5 (4) 1784 (0,1) 

3585.84 37880.2 (a) 174 3 (0,2) 

If, on the analogy of the remaining halide bands, both the components 
of the doublet system, ®II — are observable on the spectrogram, one of 
the components being feebly developed, then these three bands are the 
only bands which must be regarded as constituting the missing system < ^ 
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Table V 


Cdl — Ultraviolet System. A. 2550 — 2350 


V ieland 

1 Authors 

1 Classification 

V 

Int. 


Int. 

tv\ X/") 



39349 7 \ 

t) 

'0,151 



477. a> 

1 

‘1,151 



526 6,^ 

I 

(o,i4> 



673 ti 

0 

(0.13) 



726.^^ 

I 

f2,X4» 



82 

i) 

( 3 .i 4 » 



891.7!' 

1 

<2,13j 




1 

^1,12; 



980.15 

0 

U.13) 



: 40053. 7I 

I 

{2,12/ 



”.3. 5 '. 

X 

il.lli 



1 156.1 

u 

< 3 . 1 2i 



177 5' 

0 

(0,10! 



2265 

2 




270 a 

4 


40435-0 

2 

440 7 

3 

<l, 9 ) 

443-5 

I 






483 4 

I 

' 3 . 10 - 



510,4 

0 

(0,8) 



55.3 I 

1 

( 2 , 9 ) 

600.0 

2 

608 3 

4 

(i.8» 

607.5 

1 




648 0 

0 

646.4 

I 

<3 9 ) 



679.6 

1 

<o. 7 i 



7174 

I 

(a .8) 

768 0 

2 

775-8 

4 

<-, 7 ) 

775 5 

1 




8i2 s 

0 

810.4 

I 

( 3 » 8 > 



40839.5 

0 

(0.6) 

4087 5 

: 

878.2 

3 

(2.7 

939 5 

3 

934 1 

2 

[i 6) 

943 5 

I 






999.3 

1 

(0,5) 

41046 0 


41050,1 

4 

(2.6) 

I’2.3 

1 

112.9 

3 

<i, 5 » 



163.5 

0 

( 0 , 4 ) 

2x1 0 

3 

220.7 

3 

12.5) 

217.0 

3 






243.2 

0 

' 4 » 6 ) 

281 5 

1 

279,9 

1 

'.i. 4 » 

315 ‘ 

I 

325 9 

3 

(3.5) 

385.0 

3 

389 9 

4 

(2.41 



456 2 

0 

■ 1,3) 

488.0 

2 

489-1 

3 

‘ 34 / 



525.0 

0 

( 5 . 5 > 

56^.5 

2 

561.6 

.3 

‘ 2 , 3 » 



585 7 

0 

' 4.4 » 



626.4 

0 

( 1 , 2 ) 

661 0 

3 

664 0 

3 

^ 3 . 3 ) 

732 0 

1 

737 3 

1 

(2 2I 

763-s 

2 

7685 

1 

( 4 , 3 i 



804.8 

z 

(J.i) 

834.5 

3 

840.1 

3 

( 3 * 2 ) 



857.5 

1 

(S.3I 



8748 

I 

(0,0) 



907.1 

S 

(2,1) 

937-0 

2 

936.7 

0 

( 4 . 2 ) 



954.0 

X 

(6,3) 



41979.6 

2 

(x, 3 > 

41009 s 1 

X 

42017 1 

I 

<3.1) 

li« 0 1 

1 

113 3 

I 

(44) 
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Table VI 


Vibrational analysis and Intensity disirihuUon in Cdl hands {E System) 


v''/v' 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

ll> 

11 

12 

83 

14 

T 5 

AG' 

0 j 

I 




0 

I 

3 

1 

0 


0 



0 

I 

0 


I 

1 

T 

0 

0 

I 

3 

Q 

4 

4 

3 

4 

I 

I 



I 

103.7 

2 i 


3 

I 

3 

4 

3 

4 

3 

I 

I 



I 

I 

I 


107.1 

3 


1 

3 

3 

3 

3 




I 

1 


0 

0 

0 


102.6 

4 


I 

0 

I 

0 


0 










18.5 

5 




1 


0 











S9.0 

6 




I 













96 s 


bo 


*0 


Os 

!>. 

'T 

CO 

ro 




0 

0 




AG" 

r.. 

M 



►-« 

NO 

M 

vg' 

M 

rn 

NO 

NO 

*£> 

NO 

M 

NO 

M 

10 

NO 

M 

ON 

NO 


NO 

NO 





On this basis, the {v\ v'') numbering in the last column is suggested. The 
wave number intervals support the assignment. The electronic doublet width, 
1300, is much less than the predicted value, 1140, although of the right 
order of magnitude. 

SYSTEM K 

28 heads were measured in this far ultraviolet system by Wieland 
from A 2473 to A 2364 and regularities were shown among them. These 
same regularities were ])resenled in a Deslaiidre scheme by How'ell, 
indicating AG iv^') values, in agreement with those of the lower state of the 
D system. Since the bands lie in the vicinity of line of cadmium, 
they are ascribed to the electronic transition — ^ 2 . In the i)reseiit work, 
about 60 bands are altogether measured in this system as showm in Table V, in 
which Wieland 's data are also given for the purpose of comparison. The 
vibrational analysis of these bands is presented in Table VI. The 1?" values in 
this scheme are identical with those given by Howell but the values are 
increased by one, several band beads being thereby included in the analysis. 
The following vibrational formula is calculated: — 

A = 41912.4 + [ loS.sCo;') + i) - 1 ,o(v’ + i)*] 

The final state values distinctly indicate a common ground level wdth the D 
system of bands. 

Phvsirs Dkpartment 
Andhka Universita 
Waltair 
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A STUDY OF SOME VEGETABLE FIBRES BY X-RAY 
DIFFRACTION METHOD 

By C. R. BOSE, and N. AHMAD 
(Plates VA and VB) 

ABSTRACT. X-ray photographs of several kinds ctf clean, delignifiied and fat free 
cellnlosic fibres were taken and their tensile strengths measured. The fibres showing 
extensions of the spots along the Debye Scherf^r rings indicating dishevelling of the fibre 
molecules w^ere found to have tensile streli|gths generally smaller compared with those of 
other fibres. The fibres of Agava Sisalana Pei^ine (Sisal hemp) and Saiisevieria Hoxburgiana 
gave ring shaped photographs showing that thic distribution of micelles in them was chaotic 
and at random. Diffraction patterns of tlifcse two kinds of fibres in a stretched condition 
showed that stretching partially orients the njicelles of these fibres in a direction parallel to 
the length of the fibre. 

T N T R O U C T I O N 

The method of X-ray investigation for the study of the internal structure 
of cellulose fibres was first applied by Polanyi ^1922) and more thoroughly 
by Mark and Meyer (1939) Herzog (1928) and Jiis collaborators. As 

revealed by X-ray diffraction photographs the fibres are crystalline in the 
sense that they contain countless thin, invisible, submicroscopic crystallites, 
the atoms and molecules inside which are distributed in regular order. The 
properties of the fibres depend, to a great extent, on the size and arrangement 
of these minute crystals and also on the disposition of atoms and molecules 
within each crystal. 

It is with a view to having an idea about the relationship between the 
internal structure and the physical properties, particularly the tensile strengths 
of various fibres that the present investigation was undertaken. The tensile 
strengths of the fibres under investigation were carefully determined and also 
their structures were investigated by the X-ray diffraction method. 

Mark and Meyer from accurate measurements of the positions of the spots 
in X-ray photographs of ramie fibres definitely decided that the elementary 
unit of cellulose structure is monoclinic with four glucose units contained in a 
cell. They came to the conclusion that the space group is CiPzi. Andress 
(1929) calculating from known carbon to carbon and carbon to oxygen distances 
and from consideration of the chemical properties of cellulose, arrived at a 
structure which gave theoretical intensities of X-ray reflections in agreement 
with the observed intensities. X-ray investigation of jute fibres was first 
undertaken in India by Banerjee and Ray (1940) and later by Sircar^ Saha and 
Rudra (1044) and by Sircar and Saha (1945)* They found that the unit cell of 
jute fibre is identical with that of cellulose from other sources. In the present 
investigations we have taken in addition to jute fibres, son;ke other vegetable 
fibres whose botanical names and Indian names (where possible) are given 
later in Table II. These fibres were kipdly supplied to us by the Governmesit 
Agricultural farm, Manipur, Dacca* 

4— -i6a9P— 3 
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The raw fibres are composite in nature. They contain lignin, gummy 
and fatty substances whose presence give the fibres their peculiar characteristic 
colours. When they are removed and the X-ray photographs are taken, we 
get fairly clear photographs without indicating any change in the fundamental 
diffraction patterns of the fibres. 

BXPBRT MENTAL 

The X-ray tube used throughout the investigation was of the Hadding- 
Sieghbahn type. The tube current was adjusted between 8 to 12 niilliamperes 
al a voltage between 50 to 62 K. V. 

The raw fibres were cleaned in a sohxlet apparatus with a mixture of 
alcohol and benzene about (1:1) which is very efficient for removing fats, 
waxes and resins. Lignin present in the fibres was removed by treating the 
fibres in a moist condition with the vapour of chlorine peroxide (CIO 2) in an 
atmosphere of COg. After removing the lignin the fibres were preserved in a 
bottle containing CO2. For the pliotographs very thin bunches of fibres were 
taken to keep them straight and parallel. 

idbntiftcationt of spots 


The photographs were taken with fairly high exposures, while using 
extremely thin bundles of fit)res. The voltage applied to the X-ray tube was 
high so that the characteristic radiations of copper were considerably intensified 
compared to the white radiations. For these reasons a much larger number 
of spots could be measured than have been recorded by Meyer and Mark 
(1929). This number was still further increased by using a cylindrical cameia 
which allowed a much wuder range of angles to be studied. Since many of 
these spots have not been lecorded by earlier workers it was considered worth 
while to identify them. In order to identify spots, the unit cell was assumed in 
each case to be monoclinic with the following dimensions for the unit 
monoclinic cell: 

^3r = 8.35A, h=io.3A, c = 7. 9A and /5 = 84®. 


These values were accurately determined by Mark and Meyer. The 
glancing angles for the various planes were calculated from the monoclinic 
formula given below : — 


sin^B 


2sin^ \a^ 


2 hl 


cos/S- 



where On is the glancing angle which was obtained from the geometry . of the 
spot on the film ; /3 is the angle between the a and the c axes, h, k, I are the 
milleriaii indices of the plane giving rise to the spot in question, a, c are the 
axial lengths of the unit cell. 

These measured glancing angles were then compared with thosie calculat- 
ed from the formula for the various planes having the K index Oofrespondihg. 
to the layer line in which the spot in question Occurs and tbc other twq 
indices could be thus found* ^ 
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The results of identification of the spots in the X-ray diffraction photo- 
graph of delignified flax are given in Table I. Data for other fibres being quite 
similar are not reproduced. 

Tabi.e 1 


Identification of the reflecting planes of lignin-free flax fibre. 


Millerian indices. 

Calculated Qu for Cu ' 

j 

Mea.su red Bit . 1 

Ksti mated 


K radiation. 


Intensity. 

lOl 

7 “ iS' ' 

7" 13' 


loi 

8 " 6 ' i 

8 * 12' 

S 

002 

2ul 

11*18') ! 

11'’ 36' S i 

11“ 24' 

V ft 

004 

23* 6' 

23“ 12' 

n w 

212 

17* 0'^ 1 

17* 6' 1 

17" 7' 

M 

31 

IQ* 24' 

39“ 16' 

W 

020 

8* 36' 

8*' 40' 

W 

120 

10* 6 ' > 

10" 14' 

M W 

021 

10“ 18' > 

M W 

221 

‘ 4 * 30' 

14" 24' 

221 

15 *" 24' 1 

15“ 28' 

W 

122 

321 

322 

421 

130 

15" 42' 1 

18* 48' 

20* 51' 

23" 44' 

14* o' 

18* 51' 

20" 55' 

23" 50' 

14* 5' 

V W 

V W 

V W 

M 

13I 

M" 54 ") 

is** 14' 

M W 

131 

032 

15“ 24' ) 

17* ' S ' 

> 7 - >.S' 

M S 

232 

331 

040 

21“ 12' ) 

21* 16' 5 

17* 24' 

21* 10' 

17" 30' 

M W 

M 

14I 
, 042 

ig* 20' 

20* 57' 

19* 14' 

20* 49' 

W 

M W 


MBASUBBMENT OF THB TENSILE STRENGTHS 
OF THE FIBRES 


The tensile strengths of the fibres were determined with an apparatus 
shown in Fig. I. It consists of an ordinary balance in which the left pan 
has been replaced by two clips A and B. A is suspended from the left beam 
while B is attached to the balance pillar and can be moved up and down by 
rack and pinion arrangement- A and B lie in the same vertical line. A 
number of fibres of a particular sample were examined under a microscope and 
some two or three fairly uniform fibres were selected for determining the 
tensile strength. The diameter was measured with a travelling micro.scope 
At differ^t parts of the fibre and the mean was taken. Readirigs were taken 
at some forty to fifty different points. Several readings weTe taken for the 
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diameter at each point after rolling the fibres sideways the mean giving the 
diameter at that point. 



Fig. I 

Apparatus for measuring the tensile strength 
A— upper clip B — lower clip 

C — Rack-and-pinion arrangement 

After carefully clamping a single fibre at both the ends A and B, C was 
very slowly turned to stress the fibre just properly so that on releasing the pan^ 
the pointer remained at the zero position. The weights were slowly and 
gradually increased, for it had been found that a fibre broke with a smaller 
weight when the latter was placed at once. It was also noticed that at a 
certain weight the fibre did not break as soon as the beam was raised but only 
after ^ few seconds. Even with all possible precautions, it was very 
difficult to get consistent results. Reproducible results could, however, be 
obtained after a large number of experiments. The tensile stiength T 
expressed in Kgm per mm® was calculated from the equation 



where to is the breaking weight expressed in Kgtns and f is tibe mean iWitis 
ol a single fibre in mm« The results are. shown In Table th 
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LA I K VA 



1. X-ray diffraction pattern of delignified Harn.e 

2. X-ray ditfrachon pattern of delignified Flax 

3. X-ray diffraction pattern of delignified Hibiscus Esciilantns 

4 . X-ray diffraction pattern of delignified Malachra Capitala 
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PLAFK V B 



(3) 


1. X-ray diffiaclioji pattern of dt-lignifie3d OolaJania juncoa (Sunn tieiup} 

2 X-ray ditfracliori pattern of deii(jnifje(-i Agane Sisalana (Fiscal heinph) duistretcfied) 
3. X-iay diffraction pattern of stretched Agane Sisalana 



Study of Fibres by X-ray Diffraction Method 
Table II. 

Tensile strengths of the different fibres 


Botanical names 

Indian Names 

Mean radius 

Mean 

tensile 



of fibres 

strength 

Boehmeria Nivea Hook A Arm (I'late I) 

Rhea 


24. 

34 

(Ramie) 

Hibiscus Abeltnosehns (Musk Mallow) 

Kasturi 

.02500 

55 - 

10, , 

Rinum Usitatissimum (Flax) (Plate IT) 

Tisi 

•02955 

38. 

8 a 

Hibiscus Bsculantus (Plate 111) 

Dhenras 

.02940 

aa. 

66 

Malachra Capitata (Plate IV) 


.02755 

21. 

16 

Hibiscus Sabdariffa Var-altissima 

‘ Chukoir 

•04559 

10. 

71 

C. Capsularis 

■ l^at 

.02476 

22. 

97 

Sida Rhombifolia (Berella) 

Berela 

.02042 

17. 

oa 

Crotalaria Juncea (Sun hemp) (Plate V) 

Sonn 

03797 

x 8 . 

68 

Agava Sisalana Perrine (Sisal hemp) 


j .05779 

9. 

5» 

(Plate VI A VII) 

Cora chakra 

1 .04083 

14. 

68 . 

Sansevieria Roxburghiana Schult 

Murba 

1 1 

1 

i 




DIvSCUSSION 

A large number of different types of vegetable fibres were examined. The 
diffraction patterns of the different fibres show that the fundamental constituent 
is in each case cellulose. 

X-ray diffraction patterns of these fibres are not similar in the strictest 
sense of the term. Though many of the photographs resemble as regards 
their pattern and position of spot yet the character, shape and size etc*, of these 
spots are quite different in different pictures. In some of the photographs 
the spots are more discreet and better resolutions are obtained. This shows 
that crystallities in the corresponding fibres are more regularly arranged in a 
direction parallel to the length of the fibres. 

There are other pictures where the spots are remarkably long. These 
spots always take the form of an arc of a circle with the central spot on the 
film as their centre of curvature. This indicates that the micellels or^ the 
crystallites in the corresponding fibres are much more irregularly distributed 
in the fibre and they are not strictly parallel to each other or to the fibre axis. 

Again there are two particular varieties of fibres namely, Agava Sisalana 

Perrine (Sisal hemp) and Sansevieria Roxburghiana which have almost got 
no discreet reflected spots except two intense spots in the central lmy<tr and 
these two are very much elongated and bent in the form of an arc of a circle 
making an angle of about 6o^ at the centre. These photographs also show 
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two or three complete circular rings of almost uniform blackness^ corresponding 
to the rings obtained in a powder photograph . 

A special X-ray diffraction pattern of one of these two fibres, (Sisal hemp) 
was taken with the fibre stretched to a great extent . The difference between 
the stretched and unstretched fibre photographs is that the rings in the 
stretched one show more pronounced intensity maxima along the rings. 
Thus it may be said that the distribution of the micelles in these two fibres 
are almost a chaos, even in the direction of the long axis of the fibres. 
The stretching of the fibres partially orients the micelles towards more or 
less parallelism to the length of the fibre. 

The tensile strengths of fibres play an important part in their industrial 
application. Hence the tensile strengths of all the fibres were measured 
with care to see if any relation could be derived between the tensile strengths 
and the X-ray diffraction patterns of the fibres specially with regard to the 
character of the spots, their sizes and shapes and also the tendencies towards 
formation of rings. On examining the data it is found that the two fibres 
characterised by rings in the X-ray diffraction patterns have tensile strengths 
generally smaller compared with those of other fibres. On further examination 
of the data it is found that the mean radii of these two fibres (as measured for 
determining the tensile strength) are greater than those of the others. Thus 
it seems that the more random and chaotic are the micelles in them the less 
are their tensile strength, 

ACKNOWI^EDGMENT 

The investigations were carried out at the Physics Laboratory of the 
Dacca University at the suggestion and under the guidance of Prof. S. N. 
Bose to whom our heartfelt thanks are due. Our sincere thanks are also due 
to Prof. K. Banerjee for his advice at the time of writing out the paper. 

Indian Association rou the Cultivation ok vScience 
aio, Bowbazar Street, Calcutta. 


REFERENCES 

Andress, K. R., (1929), ^s. /. Phys. Chetn. 2 B, 380. 

Banerjeei K and Ray, A. K., (1941), Proc Nat. Inst. Sci. 7 , 377. 

Herzog, R. O., (1928), Zs. Phys. Cheni 139 , 235. 

Mark. H and Meyer, K. H. ^1929), Zs. Phys. Chem. 2 115. 

Meyer, K. H. and Mark, H., (1929), Zs.f. Phys. Chetn. 4 , 431. 

Polanyi/ M., <1932)1 Phys. 10 , 44. 

Sarkar, P. B., (1935). fwd. Chem.Soc. 12 , 23. 

Sirkar, S. C. and Saha, N. N., (1946), Proc Nat Inst. Sci. 12 , 151, 

Sirkar, S. C., Saha, N. N. and Rudra, R. M., <1944), Proc. Nat Inst. Sci. 10 , 325. 



12 


ON THE RAMAN SPECTRA AT LOW TEMPERATURES. 
BENZENE DERIVATIVES 

By S. C. SIRKAR* and B. M. BISHUI 

ABSTRACT The Raman spectra of benzylamine. benzyl alcohol and benzoyl chloride 
have been investigated in the solid state at about— 170 ‘'C and in the liquid state at the rex^tn 
temperature. The p-^larisation of the Raman lines of all these liquids has also been studied. 
From the observed depolarisation of some of tie Raman lines it has been concluded that the 
molecules of these three compounds in the lii|uid stale possess a plane of symmetry. In the 
case of benzyl amine in the solid state s6me of the Raman lines undergo changes in 
frequency and intensity and some new lines, appear in the low frequency region, and it is 
concluded that in the liquid state the niol^nles are onh’ loosely associated, but in the 
solid state they are strongly associated and form polymeric groups. In the case of benzyl 
alcohol and benzoyl chloride such Raman lines in the low frequency region appear even in 
the liquid state and no appreciable changes in the frequencies of the other prominent 
Raman lines take place with the solidification of the liquids at the low temperature. It is 
concluded from these facts that even in the liquid state the molecules of these two compounds 
exist as polymers 

It was observed by Mizushima and Morino (1Q38) and by the present 
authors (1943, ^^ 945 # 194^) that the Raman spectra of some aliphatic com- 
X)ounds undergo some changes when these compounds are solidified at 
low temperatures. As ]>ointed out pieviously by the present authors 
(1945), the explanation offered by the previous workers regarding such 
changes in the lines due to intramolecular vibrations is not quite satisfactory. 
As regaids the origin of the new Raman lines, which ai)pear in the low 
frequency region in the Raman spectra of many aliphatic and aromatic 
compounds, the view is held by many workers that these lines are due to 
lattice oscillations in wdiich only intcrmolecnlar electrostatic field takes part. 
Sirkar (1937), howevery pointed out some difficulty in such an interpretation, 
because in the case of centrosymmctrical molecules the intensity of the 
lines due to such intennoleculai oscillations is expected to he negligible. 
He put forward the view that some secondary bonds may be formed between 
neighbouring molecules to form small polymeric groups, and the oscillations 
of constituent single molecules against each othei in such groups may 
give rise to Raman lines in the low frequency region Experimental 
results regarding such new lines in the case of different types of molecules 
may be helpful in understanding the true origin of such lines and therefore, 
a programme has been undertaken to study the Raman spectra of a large 
number of aromatic and aliphatic compounds in the solid state at low 
temperatures. The present investigation deals with such spectra of three 
benzene derivatives, each having an aliphatic side chain. 

The substances studied in the present investigation are benzylamine, 
benzyl alcohol and benzoyl chloride, liquids from Kahlbaum's original 
packing were used after being redistilled in vacuum. The technique 

* Fellow of the Indian Physical Society 
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Benzylamine, The Raman spectrum of benzylamine was studied 
formerly by Dadieu and Kohlrauscli (1930) and by Reitz and Stockmair (1935)- 
The results obtained by the latter authors are more recent and have been 
included in Table I. These results agree fairly well with those obtained by 
the present authors, which are given in column 2 of Table I, but there are 
some minor discrepancies. The weak lines 579 cra“^, 895 cm*”^, 1176 cm“^, 
2973 cm"^ and 3385 cm”* observed by them have not been observed by the 
present authors. Also the frequencies of some the of the lines reported by 
them are a little lower than those obseived in the present investigation • 

The lines 175 cm“*, 628 cm’ 1458 cm”^, 1590 cm”^ and 1605 cm”' are 
found in the present investigation to be totally depolarised. This fact 
suggests that the molecule has a symmetry element which is most probably a 
plane of symmetry passing through the plane of the benzene ring. The 
carbon and nitrogen atoms in the CHa NHg groui> then also lie in this plane, 
and two of the four hydrogen atoms are above and the other two below this 
plane. No other alternative symmetry clement of the single molecule is more 
probable than this plane of symmetry. 

In the solid state at about —170® C the substance yields two new Raman 
lines at 92 cm”* and 124 cm”* respectively and some of the prominent Raman 
lines of the single molecule undergo changes in frequency and intensity at 
this low temperature. Thus the band at 175 cm”* is split up into two lines 
at 160 cm”* and 207 cm”* and the lines 786 cm”*, 1207 cm”*, 1590 cm”*, 
1605 cm”* and 2935 cm”* shift to 774, 1138, 1584, 1596 and 2901 cm”* 
respectively at the low temperature. Also the relative intensities of the 
lines 1590 cm”* and 1605 cm”* are reversed in the solid state. The line 
3063 cm”*, which has a diffuse wdng in the lower frequency side in the liquid 
state, becomes sharper and is accompanied by a faint component at 3050 cm”* 
in the solid state at the low temperature. As the Rayleigh line due to the 
liquid at the room temperature is accompanied by a wing extending upto 
about 125 cm”* from its centre it is difl&cult to say whether the lines 92 cm”* 
and 124 cm”* observed in the solid state are also present in the spectrum due 
to the liquid. It is doubtful whether any intramolecular vibration of the single 
molecule can have such low frequencies. The diminution in the frequencies 
of the prominent Raman lines with th.e solidification of the liquid at the low 
temperature suggests that the molecules become strongly associated in the 
latter case and the new lines 92 cm”* and 124 cm”* may be due to vibrations 
of such groups of associated molecules. The fact that the C-H frequencies 
are lowered in the solid state shows that the association takes place through 
the hydrogen atoms of the molecules. 

Benzyl alcohol. The Raman spectrum of this liquid was studied pre* 
viously by Dadieu and Kolilrausch (1929), Hewlett (1931) and Reitz and 
Stockmair V1935). The results reported by the last two authors being 
comparatively recent have been included in Table II. A comparison of the 
data given in the first two columns of Table II shows that the weak lines 
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585 900 cm"*, 11760111"*, 1358 cm"* and 3414 cm"* have not been 

observed by the present authors. Also the frequencies of some of the 
hydrogen lines, 2870 cm"*, 2923 cm"* and 2975 cm"* reported by them 
are much lower than those observed in the present investigation. 

The second and third columns of Table II show that with the solidi- 
fication of the liquid at the low temperature the wing accompanying the 
Rayleigh line disappears and a line at 91 cm"* is observed. It is not unlikely 
that this line may be present also in tile Raman spectrum due to the liquid, 
but being masked by the intense wing, which extends upto 120 cm“* from the 
centre of the Rayleigh line, it can not be detected. Fox and Martin (1940) 
concluded from the results of invest^alion of the absorption spectrum of 
benzyl alcohol in the near infra-red region at the room temperature that the 
molecules are present even in the dilute solution of the liquid as dimers and 
in the concentrated solution there is an equilibrium between dimers and 
tetramers. Although these conclusions were drawn from the observed struc- 
ture of the band at 2,75/x, the Raman lines 91 cm“* and 155 cm”*, which 
correspond to bands in the extreme infra-red region, may also, be due oscilla- 
tions in such dimers and polymers. In the solid state also probably the 
molecules exist as dimers and polymers, and therefore only the rotational wing 
is absent and the lines 91 cm"* and 155 cm"* due to vibrations in these 
polymers persist. It is significant that in the case of benzylamine the band at 
175 cm"* splits up into two lines at 160 cm”* and 207 cm"* in the solid state, 
while in the case of benzylalcohol even the liquid at the room temperature 
yields two lines at 165 cm"* and 210 cm"*. It is further observed that the 
prominent Raman lines of benzyl alcohol do not undergo any appreciable 
change with the solidification of the liquid, while in the case of benzylamine 
the lines undergo changes with the solidification. These facts clearly point 
out that in the case of benzyl alcohol the molecules are already strongly 
associated in the liquid state and the strength of the association does not 
further increase appreciably with the solidification of the substance at the low 
temperature, while in the case of benzyl amine such association is not so strong 
in the liquid state, but it becomes much stronger in the solid state. 

Some of the Raman lines due to the liquid are observed in the p.resent 
investigation to be totally depolarised, as can be seen from Table II. Hence 
the molecule possesses probably a plane of synnnety, which is more probable 
than a two-fold axis of rotation. 

Benzoyl chloride . — The data given in the first two columns of Table III 
show that some of the Raman lines due to this liquid at the room temperature 
observed by the present authors have not been observed by Thompson and 
Norris (1936). The Raman spectrum of the liquid had also been studied, 
previously by Hadieu and Kohlrausch ^1929) > Mastsuiio and Han (i 933 )> 
Thatte and Oanesan (1931) and Kohlrausch and Fongratz (1934)* and the 
polarisation of the lines was studied by Simons (1932). The results obtained 

by Thompson and Norris being latest have been included in Table III. The 
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lines observed by Kohlransch and Pongratz but not observed by Thompson 
and Norris are 1317 2610 cm*^, 2649 and 3012 These 

lines have not been observed in the present investigation also. The line 
8460111^’ observed in the present investigation was not observed by Kohl- 
rausch and Poiigratz, but it was recorded as a line 840 by Thompson and 
Norris, and the line 1164 cm“"^ observed by the lattei authors but not recorded 
by the former authors has not been observed in present invesigation. The 
line 201 cm"* observed in the present investigation and also by Kohlrausch 
and Pongratz was not recorded by Thompson and Norris. 

It can be seen from the third column of Table II that no remarkable 
change takes place in the frequencies of the prominent Raman lines when the 
liquid is solidified at about — i7o''C. The line 98 cm*"^ observed at the low 
temperature is x>robably also present in the Raman spectrum of the liquid, and 
is masked by the strong wing accompanying the Rayleigh line and extending 
upto about 120 cm"^ from its centre. In this case also two lines at 161 cm""^ 
and 231 cm"*^ are yielded by the liquid at the room temperature as in the case 
of benzyl alcohol. From these facts it may be concluded that just like the 
molecules of benzyl alcohol those of benzoyl chloride also are strongly asso- 
ciated to form polymeric groups in the liquid state. As in the previous cases 
some of the Raman lines due to the liquid are observed to be totally depolarised 
both by the present authors and by Simons (1932). Hence the single molecule 
has a plane of symmetry. 

From the above discussions it can be concluded that the lines in low 
frequency region observed in the Raman spectra of these three benzene 
derivatives in the solid state at about —170*^0 are not due to lattice oscillations 
in which only the intermolecular electrostatic field takes part, but they are 
due to vibrations in polymeric groups which are present even in the liquid state 
in two of the derivatives and are formed in the solid state in the case of 
benzylamine. 
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DIELECTRIC PROPERTIES OF INDIAN SOILS AT HIGH 
AND MEDIUM RADIO-FREQUENCIES 

By S. R. KHASIGIR,* J. N. RAY and A. BANERJEE 

(Plate VI) 

ABSTRACT. The dielectne properties of fi^en Indian soils on medium and high radio- 
frecjueiK'ies have been delermmed under different controlled conditions. Measurements of 
the effective dielectric constant and the electrical conductivity have been made by the 
differential transformer method and the oscillographic method. From these data the 
true dielectric constants have been evaluated ' Sam pie < of soil are taken from Dacca, 
Calcutta, L/ucknow, Delhi, Lahore, Tc-shawar* llomhav, Calicut, Trichinopoly, Ranchi, 
Cuttack, Bangalore, Madura, Vizagapatam and Trivandrum The following studies have 
been made : 

(1) The effect of packing. 

(2) Variations of the soil constants with Tnoisturc-contents. 

(5) I’ariations of the soil constanls with frequency 

{4) The effect of lenipcrature. 

(f) Comparison of the electrical properties of soils from different places, 

A general inttTpi etati< m of all the experiinentaiital results has been given in the paper. 

I N T R 0 1 ) n C T TON 

Apart from the clieiiiical composition, the physical slrnclnre and the 
nature of the soil, there are three mam factors on which the electrical constants 
are found to depend : (i) the amount of moisture present in the soil, (2) the 
degree of packing and (3) the frequency of the alternating field. The first 
is of great imiioitance, since the variations ot the soil c-onstauts with moisture- 
content are indeed, considerable. The e.xperinieiital study of such variations 
engaged the attention of various workers for a long time. The dependence of 
the soil constants on the frequency of the measuring field was also studied by 
various workers on the subject. Little work has, however, been done on the 
effect of packing on the soil constants. Besides the three main factors which 
affect the dielectric properties of the soil considerably the effect of temperature, 
which is only slight, may also be mentioned. 

P R F V I f ) U S WORK ON T fl b' I) I R H C T 1) K I' F R M I N A T T O N 
O I' T II E Sol Iv-C O N vS T ANTS 

It was Bairsto (1912) who, for the first time, made some high frequency 
measurements of the effective dielectric constant and the electrical conductivity 
of the two principal constituents of the earth’s crust, viz., slate and marble. 
It had been known from the work of earlier investigators that for very low 
frequencies within the audio-frequency range, say, up to 5 Kc/s, the electrical 
** Fellow of the Indian Physical Society, 
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conductivity of several dielectrics like ebonite, glass and sulphur, waSi in 
general, linear function of the frequencies. The main results of Bairsto's 
investigations with slate and marble, as also with other dielectrics, viz,, dry 
blotting paper, glass, gutta-percha, vulcanised India rubber, over a wide range 
of frequencies are as follows : 

(1) It was shown that in all cases there were present two independent 
sources of loss. The first, a hysteris loss, was usually the one that was 
important in the audio-frequency range. The second, a Viscous’ loss, had 
more influence at higher frequencies. 

(2) The linear law found for audio-frcqnencies connecting the electrical 
conductivity with frequency was not obeyed at high frequencies. The electrical 
conductivity gradualb*^ rose to a maximum which remained constant for marble 
and slate over a considerable range of frequencies. With the other dielectrics, 
the conductivity was found to decrease steadily after attaining the maximum 
value, as the frequency was further increased. The dielectric constant, on the 
other hand, dropped rapidly at low frequencies and then decreased gradually 
with the increase of frequency. 

The maximum range of frequencies employed in Bairsto's investigation 
was from 920 c/s to 2.65 Mc/s and the method of measurement was based on 
the resonance of a leaky condenser. 

I,ong after Bairsto, RatclifFe and White (1930) made some direct determina- 
tions of the electrical constants of some specimens of English soils by the 
method of resonance and the oscillographic method using medium radio 
frequency fields. Their study of the variation of the effective dielectric 
constant of the soil showed a rapid decrease followed by a gradual one, as the 
frequency was increased. The electrical conductivity, on the other hand, was 
found to increase and after attaining a peak value, was found to decrease 
gradually with the increase of frequency. White (1931) tried to interpret 
the results of Ratcliffe and White in the light of Debye’s theory of di polar 
molecules. 

Smith-Rose (1938) studied in an elaborate manner the effect of moisture 
content and of frequency variation for medium radio-frequency fields on the 
electrical constants of some specimens of English soils by a resonance method. 
With all the specimens, it was found that both the conductivity and the 
effective dielectric constant of the soil increased very rapidly as the moisture- 
content increased gradually. The effect of frequency variation showed that 
the electrical conductivity increased slowly with the increase of frequency, 
whereas the effective dielectric constant was found to decrease continuously 
with the increase of frequency. There was no peak in the conductivity- 
frequency curve as had been observed in some dielectrics by jBairsto and also 
by Ratcliffe and White in their soil measurements in the wide range of 
frequencies from 1000 c/s to 10 Mc/s employed by Smith-Rose. 

In India, Khastgir and Sen Gupta (1936) directly determined the electrical 
constants of some specimens of Dacca soil by a resonance method for various 
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values of moisture-contents and for varying frequencies from o'i35 Mc/s to 
2.7 Mc/s (t.e. from about 2000 metres to about no metres). The values of 
the soil constants were distinctly lower than those obtained by Smith-Rose 
with specimens of English soil, whereas they were of the same nature as those 
obtained by Ratcliffe and and White. The variation of the effective dielectric 
constant and the electrical conduct^ity with temperature was studied by 
Joshi (1938) in the medium radio-fttequency ran.ue. Ansari, Toshniwal and 
Toshniwal (1940) also measured th^' electrical constants of the Allahabad 
soil for various values of the moisture-jtontent at three different medium radio 
frequencies. Recently a study of tile dielectric properties of soils from 
different parts of India was made by Rahman and Muhi (1944) in this labora- 
tory. The soil-constants were mea^red by the differential transformer 
method for different medium radid frequencies and also with different 
moisture-contents. 

In the ultra-high frequency ranee Smith-Rose and MePetrie ^1932, 1933) 
determined the electrical conductivit5’' of Knglish soils. In India Khastgir 
and Chakra varty {193S) carried out similar observations with Dacca soil for 
a range of frequencies from 70 to 90 Mc/s. Banerfee and Joshi (1937) also 
did similar work with Benares soil for varying moisture-contents from 50 to 70 
Mc/s. Prasad, Singh and Sinha (1940) also measured the electrical constants of 
the Patna soil using ultra-high frequencies, 

SCOPE OF THI^ PRESENT INVESTTOATTON 

In most of the experiments, hitherto performed, on the direct determina- 
tions of the soil constants, no special attention was, however, paid to the degree 
packing. The soil specimen, under examination, was placed inside a container 
and the packing was made roughly the same, by eye-estimation, as what 
prevails in fields. It was only in the work of Smith- Rose, that the effect of 
packing was considered. He found that as the soil was packed more and 
more tightly the soil constants increased gradually attaining maximum 
values inside the cylindrical container in his experiment. Smith- Rose's 
determination of the electrical constants of the soils were claimed to have 
been obtained under the '"desirable condition simulating soil in a well-rolled 
field or un ploughed meadow.'* In view of the great importance of the effect 
of packing on the soil constants, it was thought desirable to undertake 
measurements of the maximum values of the electrical constants of the 
different Indian soils under optimum condition of packing. The measurements 
of the maximum values of dielectric constant and electrical conductivity of 
fifteen different soils taken from the various parts of India were accordingly 
made on high and medium radio frequencies under various controlled 
conditions. 

From the electrical conductivity data, the true dielectric constants were 
evaluated. No attempt had so far been made of obtaining the true value 



i22 S. R. Khastgir, J. N. Ray and A . Banerjee 

of the dielectric constant, except in the nieasuiements with ultra-high 
frequencies. The correction due to the conductivity of the soil makes the 
value of the true dielectric constant substantially different from the effective 
value as obtained from the capacity-values ot the experimental condenser 
with and without the soil in it. This is specially so, in the case of medium 
radio-frequency measuring fields and for the high-conductivity values of 
the soil. 

The soil samples were taken from the following places : (i) Dacca, 

(2) Calcutta (Dum-Dum), (3) Delhi, (4) Lucknow. (5) Lahore, (6) Bombay, 
(7) Trichinopoly, (8) Peshawar, (g) Calicut (Madras Presidency), (10) 
Cuttack, (iij Ranchi, (12) Madura, (13) Vizagapatam, (14) Bangalore and 
(15) Trivandrum. There are transmitting stations of the All India Radio 
at the first eight places. In the cases of Calicut, Bombay, Madura, 
Vizagapatam, Bangalore, Trivandrum, Cuttack, Ranchi and Dacca, the 
specimens were taken from the soil profiles at a depth of 6" — 3 '6" from the 
ground surface. At the remaining places, the specimens used for investigation 
were surface soils within 6 " from the earth’s surface. 

Measurements were made of the dielectric constant and electrical 
conductivity of the different soils with special reference to the following : 

(1) The Effect of Packing : For ordinary packing, a ‘packometer’ was 
devised to obtain a reliable measure of the degree of packing of the soil 
specimens. Alternatively, a load placed on a comi^ressor pressing the 
soil contained in the intervening space between two co-axial metal cylinders 
was taken as a measure of the degree of packing. For high packing a 
hydraulic press with a pressure-gauge was employed. The variation of 
the soil constants with the degree of packing was thus studied for medium 
and high radio frequency fields, the temperature and moisture-content 
remaining the same. 

(2) The Effect of Moisture : Variation of the soil constants with various 
values of moisture-contents was studied, keeping temperature and packing 
the same. 

(3) The Effect of Frequency of the Measuring Field : Variation of the 
soil-constants with the variation of frequency in the high and medium radio- 
frequency ranges was studied, keeping packing, moisture-content and 
temperature the same. 

(4) The Effect of Temperature : The variation of the soil constants 
with the variation of temperature was studied with dry soil having the same 
packing, for high and medium radio frequencies. 

(5) The Maximum values of Soil Constants : The maximum values 
of the electrical constants of the soils from fifteen different places of India for 
15% moisture content in all cases and for 20% moisture content in some cases, 
and for dry soils in a few cases, on high and medium radio-frequency fields 
were determined* 
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The soil measurements, for this comparative study were made in each case 
on 5 Mc/s and on the respective medium radio frequency of the A. I. R- 
transmitter located in each station from where the soil was taken. The 
medium frequency mcasiii einents with soils from (i) Cuttack, (2) Ranchi, 
(3) Bangalore, (4) Madras, (5) Vizagapatani and (6) Trivandrum, where 
there are no transmitting stations, w^re made at i Mc/s. 

METHODS OE M K A S U R E M E N T 

Two methods of measurements Were adopted in the present investigation : 
(i) the differential transformer method and (2) the oscillographic method. 
In most of the studies on medium radio frequencies the differential transformer 
method was followed. In the studies on high radio-frequencies, the oscillo- 
graphic method w^as adopted. 

D I F E R E N T I A E T R A N vS V O R M E R M E T H O D 


(a) Experimental Airangemcnl 

The experimental arrangement is shown in Fig. i. The differential 

T 



Fig. I 

transformer coils were wound on a wooden former. The number of turns 
in one primary branch was made exactly ctiual to that of the other primary 
branch and the directions of winding in the two cases were opposite, so that 
the voltage induced on the secondary by one would be neutralised by the 
voltage induced by the other. The soil condenser S was connected in r-arallel 
to a variable condenser C I which was in series with one primary branch of 
inductance hp and a decade resistance box was connected in parallel 
(sometimes in series) with another variable condenser Cg in series with the 
other primary branch of the same inductance The two ends of each 

branch were connected with one another as shown in the diagram and they 
were further connected by a key K to the main tuning circuit consisting of a 
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suitable coil L, a variable caudenser C and a R. F. thermal milliammeter T. 
When the high frequency voltage from a Hartley oscillator was induced 
through h into the L — C circuit, the latter could be tuned to the required 
frequency with the key K closed. The tuning positions of the condenser C 
were not, however, the same when tuning was done with the key K open and 
closed. Th<=^ secondary was tuned to the fre(iuency of the main primary 
circuit by a suitable variable condenser C3 and the resonance current in the 
secondary was detected by means o^ a galvanometer O after having been 
rectified by a crystal detector. For larger currents, resonance was obtained 
with the help of a D. C. milliammeter A which was put into the secondary 
circuit by means of a throw-over switch. 

THEORY O 1’^ THE METHOD 


Tet Co and C, be the capacities of the soil condenser with air and soil in it 
respectively. When there is no current in the secondary, as is indicated by 
no deflection in the galvanometer, the currents and also the impedances in 
both the primary branches are eciuah With the empty soil condenser, let 
Cl ond C2 be the capacities of the two variable air condensers in the two 
branches under this balanced condition. The total capacity in one branch is 
equal to the total capacity in the other. 

C2~Ci+C() ••• ( 1 ) 

When soil is introduced in the soil condenser, the balance is lost and can be 
restored by changing C2 to a new value C'2 and by adjusting a suitable 
resistance R in series or in parallel with C2. The capacity change compensates 
for the increase in capacity in the other branch due to the dielectric property of 
the soil, and the introduction ol a resistance in the same branch due to the 
electrical conductivity of the soil is made up by the resistance R. We can 
thus write — 

, ^ = ... (2) 

From (i) and (2) we get 

C « C 2 *~’02 Co 

Now if the effective dielectric constant of the soil is denoted by we have, 

(3) 

V-O t-o 

The parallel resistance R used to compensate for the conductivity effect of the 
soil is given by 


... (4) 

4«crCo 

where <r is the electrical conductivity of the soil. 

When a resistance r is used in series with the soil condenser, then this 
resistance is equivalent to a parallel resistance R which is given by 
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R= ^ 

w'-'C'i r 

where m is the angular frequency of the measuring field. 

In view of (s). we have then in the case of a series-resistance r 

4 

where / is the frequency of the field. 

Thus the electrical conductivity and the effective dielectric constant of 
the soil can be calculated from (3) atwi (5) or (7). 

KXPERIMHN|‘AIv procedure 

I he procedure followed is explained here w'ith reference to the diagram 
given in hig. i. The entire sysleiit LTBD consisting of the inductance L, and 
the capacity C placed in parallel to the two primary branches was first tuned 
to the oscillator, keeping the capacity value of Ci and C2 almost equal. The 
tuning was observed by varying the condenser C in the main circuit by 
observing the maximum current in the thermal R. F. milliammeter T placed 
in the circuit. Next the empty soil condenser was placed in parallel to the 
condenser Ci. Now the tuning of the circuit was restored by varying the 
condenser C, if at all the tuning was disturbed on inserting the empty soil 
condenser. Then the current was observed in the secondary circuit which was 
already tuned to the oscillator. The condenser C2 was then turned to bring 
the milliammeter current to the zero position. For more sensitive no-current 
adjusfment, the current was passed through a sensitive galvanometer by means 
of a double tin ow -over swdtch and the zero pOvSition of the galvanometer w’as 
restored as far as possible by varying the capacity C2- The zero position 
was, however, not quite restored by the adjustment of C2 only. Some 
resistance iiad to be included in the circuit to get the exact zero position of the 
galvanometer. 

Next the experimental condenser was filled with the desired degree of 
packing. The tuning of the system w’^as again made afresh. The no-deflection 
position of the galvanometer was again obtained by varying C2 to some new 
value C'a and by insetting either a parallel resistance R or a series resistance 
r from the decade resistance box. All the requisite data w'ere thus obtained 
for determining the effective dielectric constant and the electrical conductivity 
of the soil inside the condenser. The differential transformer was shielded 
properly, to eliminate stiay fields. The oscillator was placed at some distance 
to avoid its direct effect on the arrangement. , The connecting link between 
the coupling coil and the tuning condenser was also shielded. 

THE OSCILLOGRAPHIC METHOD 
(a) Theory of the method 

\ 

When an alternating current lo passes through a soil condenser C, placed 
in with a perfect condenser Cp, the vector diagram can be represented 
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by the diagram in Fig. 2. The e.ni.f. E, across the soil condenser is in phase 
witJi resistance component of t]ie cm rent Ir but lags behind the total current 



Fig. 2 

lo by an angle Thee.m.f. E/> across the perfect condenser will be 90® 
behind I© atid will lag behind by an angle ^ which is also the angle between 
the total current Iq and the capacity component of the latter. The angle 
B can be found by measuring the phase-diflerence between the e.m.f. across 
the soil condenser and that across the perfect condenser. 

Thus if CO is the angular fiequency of the alternating current w'e have 


,an 0 -J' = - A =Ro,C,, 

Ir I / OiC I, 

where R is the shunt resistance of the soil due to its conductivity, 
a parallel plate condenser, we have 


R= 


47r<7Co * 

where Co is the capacity of the empty soil condenser and since 


by definition, we have 


Hence 


y^o 


tan p’ 


4n(rCo 47rfr 


«•!! 


4 ?ror tan 0 _ 2cr cot B 
<0 / 


Assuming 


( 8 ) 


Here 



E, 

lo sin 5 4»rcrCo * 


Again 
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whence we get 


cr= ^ 


4»rCoE, 


... (9) 


Since 


1q U)CjD 


R. 


! 


iTsIn S • ' 


Therefore 

and 


I 

_ <*>C/i sin 8 E/> 

_ f c.. 

4IIC0R 

0 

0 

■'frf 

2 Co 


4ir(r cot ^_Cp 

COS 8 Jy 

«* "c. 

Us 


... (lu) 

... (lO 


In these expressions the values of C/» and Co are known, the values of R , 
and Up can be found in terms of the , linear displacements in the x and > 
directions on the fluorescent screen due jto the voltages E, and E>w applied one 
after another to the x and y deflecting plates respectively, and the phase- 
difference S between the voltages E^ and Eji» can be easily obtained from the 
ellipse pattern on the oscillograph . Thus the electrical conductivity and the 
effective dielectric constant of the soil can be found from (lo) and (ii). 


(6) Measurement of 8 from the elliptic oscillogram. 


The circuit arrangement in the oscillograph method is .shown in Fig. 3. 



Fig. 3 

The radio-frequency current from an oscillator was included into a circuit 
containing the variable air condenser Cp and the soil condenser C, and a 
suitable coupling coil of inductance L. The voltages Up and E, acioss the 
condensers and C, were then applied to the y and .r- plates respectively 
of the oscillograph. Precautions were taken to eliminate stray effects by 
keeping the leads to the oscillogiaph as short as possible and by placing the 
coupling coils at a sufficient distance to prevent magnetic deflexion of the 
cathode ray beam. All connections were properly shielded by using insulated 
wires inside earthed metal tubes or inside glass sleeves covered by earthed 
,tii\ foils. The soil condenser C, and the air condenser C,, were both enclosed 
m an" earthed tin box in two separate chapibers. The key when switched 
on, gave the voltage E, across the soil condenser to the :r-plates. and similarly 
^wit^'tie k^y gs switched on and the key Ki off, the voltage acr^sihe 

pure condenser'wis applied to the y-plates. Wltli' both keys on; an ellipse 

a— i6a9F -— 4 
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was observed on the fluorescent screen. The phase-difference 3 between the 
two voltages E« and E;t» was given by 


Sin 6 = 


Zw 

Ajj.Ajr 


(14) 


where Z = major axis of the ellipse. 

w = minor axis of the ellipse. 

A^ = double the amplitude corresponding to E«. 
and A y== double the amplitude corresponding to Ep, 


THE TRUE VALUE OF THE DIELECTRIC CONSTANT 
OF A CONDUCTING MEDIUM 


The relation between, the effective dielectric constant e^. and the true 
dielectric constant e of a conducting medium can ^ found in the following 
manner. A ‘leaky’ condenser can be compared with a pure capacity C, and a 
resistance r in series due to the conductivity of the soil. In such a system, 
a potential difference VeM would cause a current given by 


VeM 

1= = 

r i 


C, 








(12) 


The complex dielectric constant of a conducting medium is given by 




In view of this division into real and imaginary parts and remembering that 
the current through the soil condenser (containing soil) is given by 


i = ^ («'CoVe/«e) 




CoVe/*‘ 


••• (13) 


we get from (12) and (13) the true value of the dielectric constant, viz- 

If p is the parallel resistance, corresponding to the series resistance r, we know 

I 


rsss. 




Again wt know that p=i/4JrorCo, where cr« effective electrical conductivity of 
the soil. In view of the above two relations and putting Cg/C* = effective 
dielectric constantg we get 


1 + 






its) 


Th« true dielectric constant of soil can thus be obtained from (15)* when the 
values of etir- eiid <r are already known by direct measurements* 
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experimentai, resui^ts 

(i) Study of the variation of the ciectricai constants of some soils with 
the degree of packing^ the temp erature and moisture-content 
remaining the same, on high and medium radio 
frequencies 

A packotneter was devised to have a reliable nieasvirc of the degree of 
packing in a soil specimen when the i)acking was not of a high order. 

'i'he instrument consisted of a gjpring balance which was held iixed 
in a vertical position by a clamp which could be raised or lowered. From the 
bottom of the spring balance was suspended a small scale pan as shown in 
Fig 4. A sharp blade, with a stout brass rod attached to the middle of the 



blunt side in the plane of the blade, was held with its plane vertical by fixing 
the rod rigidly to the centre of the underside of the pan. The entire system 
had a free play in the vertical direction. 

Usually for measurements of soil constants for low orders of packing 
this instrument w^as employed. The soil under examination was then taken 
inside a parallel plate condenser inside an ebonite container with an ebonite 
lid which could be tightly fixed by binding screws. After having taken the 
usual measurements, the lid of the container was carefully opened and the 
soil in the open container was placed on a glass slab provided with three 
levelling screws. The glass slab with the soil inside the container was 
brought Under the blade of the packometer. By adjusting the top screw in 
the clamp, the spring balance was lowered gradually till the sharp edge of the 
blade just touched the soil surface* It was, however, necessary to level the 
glass slab during the above procedure. An index line, provided by a paper 
strip (parallel to the edge) pasted on the upper part of the blade, was arbitrarily 
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chosen. Weights on the pan were then carefully placed till the blade 
went down vertically up to the index line, cutting through the soil. If the 
weights totalled M gms., the degree of packing was given by M/A gins, per 
unit area, where A= surface area of the blade in contact with the soil. 



- 0 - 0 - 0 - 
— K — X X — 


Electrical conductivity (e.m.u.) 
Effective dielectric constant (e.s.u.) 
True dielectric constant (e.s.u.) 


Pig. 5 


Electrical conductivity fe.m.u. 



— ^-Electrical Condnctivitv (e.s.u.) 
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For high degrees of packing a hydraulic press with a pressure-gauge was 
used. The soil condenser in this case consisted of two hollow concentric 
brass cylinders of the same length, one inside another with their ends fixed 
on a thick ebonite base. A hollow ebonite cylinder fitting tightly on to the 
outer surface of the outer brass cylinder was of sufficient length to project 
well beyond the braw cylinders. The soil specimen was rammed into the 



— ^Load ill Kgni. 

Electrical conductivity (e.s.u.) 
Effective dielectric constant (e.s.u.) 
- X— X — X — True dielectric constant (e.s.u.) 

Fig. 6 
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space between the two concentric brass cylinders and was made to fill a 
portion of the outer ebonite cylinder above the top level of the brass cylindeis. 
A solid wooden cylinder held vertically and loosely fitting into the ebonite 
cylinder was inserted in it above the soil. The ebonite base of the soil con- 
denser was placed on the lower moving platform of the hydraulic press and 
the lop surface of the wooden cylinder was made to press against the 
upper fixed platform of the press. 

The same soil condenser was also used occasionally for measurements 
with soils of low orders of packing. In such cases, loads were placed on the 
top of the wooden cylinder pressing the soil in the cylinder system. 

Typical experimental results by the differential transformer method with 
Dacca, Calcutta and Delhi soils on 1167X0/8(257. m), 808 Kc/s (370.4 m.j 
and 886 Kc/s (338 m) respectively are shown in Fig. 5. The values of the 
elecirical conductivity, effective and true dielectric constants are here 
plotted against various degrees of packing as indicated by the packometer. 
It is evident that all the values tended to approach saturation values. 

Typical experimental results by the oscillographic method using cylindri- 
cal soil condensers with Calcutta and Delhi soils on high and medium radio 
frequencies are illustrated in Fig. 6. 
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For hif>h degrees of obtained by using a hydraulic press fbe 

values of the soil constants were also measured by the oscilloRraphic method 
and found practically constant from a pressure of 20000 lbs. per sq. in. to a 
maximum pressure of 45000 lbs. per sq. in. which the soil condenser was 
able to stand. These results for high packing with Dacca soil are shown in 
Fig. 7. 

in) Study of the variatiem of fhfi electrical constants of the Dacca soil 
with moisture content variaiioHi for various degrees of packing 
itenipeiaiine remaining the same) on medium 
radid frequency 

In preparing soil of a definite tnoisture content, the following procedure 
w^as adopted : the soil was heated in a double-walled air bath to a little over 
100® C for about 12 hours and it was then considered as completely dry. 
Required quantity of this dry soil was then cooled inside a desiccator. 
Requisite quantity of distilled water was then added to the soil from a burette 
to make the moisture content percentage equal to some desiied value. 

The soil wdth a particular percentage of moisture was then packed inside 
the soil condenser to gradually increasing extent and the soil constants 



t 

•4 
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measured on medium radio-frequencies by the differential transformer method. 
Different sets of similar measurements were made for moisture contents rang- 
ing from o to 20%. 

The experimental results with the Dacca soil (iP) on 1167 Kc/s (the 
frequency of the Dacca A-I.R. transmitter) are shown in Fig, 8. It is to be 
noted that the soil constants increased with packing and were found to attain 
saturation values in most cases. 

The variations of the soil constants of the Dacca soil (2P) with 
moisture content on 1167 Kc/s for three different degrees of packing are 
graphically shown in Fig. g. 

Same Packing 



— ^Percentage of Moisture 
Fio. 9 
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(in) Study of the variation of iho electrical constants of different soils 
with frequency (the tonperature, packing and moisture content 
remaining the same) on high and 7nedium radio frequencies 
for low and high packing 

In Fig. lo ai*e shown the values of; electrical conductivity, effective and 
true dielectric constants of Calcutta,. Dacca and Delhi soils obtained by the 
differential transfonicr method for a raijge of frequencies from 600 Kc/s to 
X2QO Kc/s. The packing was kept at some fixed value and the moisture was 
2^3% • It is to be noted that the electrical conductivity increased with 
frequency and that both effective and, true dielectric constants decreased with 
the increase of frequency. 
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The experimental results obtained by the oscillographic method working 
with various soils of a fixed degree of packing (400 gms/13-3) on high radio 
frequencies ranging from about i to about 8 Mc/s are shown in Fig. xi* 


MdSTURe : /5% ( Pack /ng) 


Tr/ cm NO POLY PeSHA WAR 







-»© — © — © — Effective dielectric constant (e.a.u ) 
X — X — X — True dielectric constant (o,s.u .) 


Fiojj 


-^Dielectric Constai 
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In all cases the dielectric constant decreased but the electrical con- 
ductivity increased with frequency tending in many cases to constant valueflis 
Measurements were also made with Calcutta, Dacca and Delhi soils for very 
high packing (4500 lbs. per sq. in.) on the same range of high radio frequencies* 
The results are shown in Fig. 13. As contrasted with the experimental results 


MofSTl/^Si iS % . HiGH PA<iH tN6 (^500 


dac^aOp) 



with low packing, the electrical conductivity was I found to diminish steadily 

With increasing frequency, whereas the effective dielectric constant deaeased 
in the same way with the increase of frequency. 
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(iv) Study of the variatian oj the electrical constants of some dry soils 
with temperature for fixed values of packing 
{low and high) 

(a) Experiments on medium radio frequency (ii6y Kefs,) 

For this study by the differential transformer method on medium fre- 
quency, a special glass container with parallel platinum plates rigidly fixed 
by fusing platinum connections into the glass was constructed. The soil 
having been dried was introduced into the container and a thermometer was 
inserted inside the soil above the platinum plates through a stopper. The 
glass container with the soil inside and the thermometer, was then fixed 
inside a glass cylinder with a base so that the container rested on a piece of 
cork on the base of the outer cylinder. The open end of the outer cylinder 
at the top was closed with a cork through which the neck of the inner glass 
container was inserted. The short platinum wire connections from the plates 
were led out into the outer cylinder. 



Thin copper wire leads were then passed througli narrow glass sleeves 
and were taken out as shown in the diagram in Fig. 13. The outer glass 
cylinder was then fitted inside a heater coil which was enclosed within a 
metal case in the form of a cylinder. The entire system was then placed 
inside a calorimeter containing water. On passing current through the heater 
coil the water in the calorimeter w^as heated. It was found convenient to 
increase the temperature of the soil to a high value and then to take measure- 
ments of the electrical constants when the temperature was falling. The 
temperature was noted carefully after stirring the water. With Dacca soil 
the effect of temperature variation for two frequencies from about 4^C to 
about 75®C was investigated. 


t39 


Dielectric Properties oj Indian Soils etc. 

The values of the soil constaiits tor various temperatures arc shown in 
Fig. 14 for each of the two nieclium frequencies of the Dacca and Calcutta 
transmitting stations. It is interesting that while the soil conductivity was 
found to increase with temperature, the effective dielectric constant remained 
practically constant. 1 he true dielectric constant w’as found 011 calculation to 
decrease with the rise of temp^^rature. It should be noted that the packing 
of the soil in this experiment was extremely low. 

For high packing on the safirie medium radio frequency the oscillogiaphic 
method was employed and the cylindrical condenser filled with dry soil and 
packed with the help of the hydraulic press was used for the purpose. The 
steel platform of the press could bf electrically heated so that there was no 
difficulty in raising the temperature of the soil. For lower temperatures ice 
or iced water was used in a vesschsurrounding the soil condenser. Ihe lower 
limit of the temperature was as below 15^^ there was difficulty in taking 

pry Dacca Soil 



— ^-Temperature (Centigrade) 


Fig. 14 


r^EkctricalCondnctivity (e.s.n.) 
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reliable measurements owing to the wetting of the soil by the dew that wad 
formed in appreciable quantity at such low temperature. The results with 
such high packing of Dacca soil are illustrated in a part of Fig* 15. The 
electrical conductivity increased with temperature but the eflFective dielectric 
constant was, in this case, found to decrease as the temperatuie was increased 
from 35° to 75°C. 

(b) Experitnenis on high radio- frequency (5 Mels) 


The experimental results on 5 Mc/s obtained by the oscillographic method 
employing Delhi and Dacca soils packed at a pressure of 4500 lbs per sq. in. 



— ^-Temperature (Centigrade) 

Fig. 15 


are showm in Fig. 15. The electrical conductivity was found to increase and 
the dielectric constant to decrease as the temperature was raised from 15 
to 7 o^C. 

In the study of the temperature effect, it was tested carefully that effect 
was not due to dimensional change of the soil condenser owing to temperature 
variations. 

(c) Comparative study of the maximum values of the electrical 
constants of the surface soils from fifteen diffefent 
places on 5 Mc/s and on medium frequencies fat 
a few soils for fixed moisture content values, 

A short description of the different soils employed, the depth from which 
they were obtained and the localities are entered in Table I. The pa values 
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of the soils are also given there. In Table II are given the maximum values 
of the electrical conductivity, the effective and the true dielectric constants 
of the different soils. The frequency of the measuring field and the pu 
values are also shown in the same table. 


Table I 


T 1 

Place and Uocalitv. j 

_ - -- ... . 1 

Depth. 

Description, 

Value. 

1 

*1. Dacca (i P) ... | 

0'"- -6" 

Orey loamy 

5-7 

„ (2 P) ... ... ^ 

6"— 2 '-3" 

Yellowish, heavy loam 


(Agricultural Farm) 



S-8 

2. Calcutta (Dum Dum Aerodrome) 

d " — ()" 

(^rey, Clayey 


3. Delhi (A. I. R. Receiving Station) 

0 " — 6 " 

Brownish 

0.5 



6.8 

4, Luckuovv (A. T. R. TransmHlitig station) ... 

o'' -6" 

Light brown, clayey 

6.6 

5. Lahore (A. I. R. Transmitting station) ... 

o"-6" 

Grey, clayey 

7-3 

6. Pe.shawar (A. I. R. 'JVansmittiiig station)... 

0" — 6" 

Light brown 

6.7 

7. Trichinopoly (A. T. R- Transmitting station) 

0"— 6" 1 

Grey, clayey 

6.0 

* 8 , Bombay (Kuniata) ... 

o"-6" 

Red 

5.1 

*9. Calicut (Madra.s Presidency) 

o"-6" 

Red 

4.8 

*10. Ranchi (Ratii) ... ••• • • 

0"— 1' 

Red, clayey 

4-5 

*11. Cuttack (Tangi) 

0"— 1' 

Grey, gravelly 

6.3 

* 12 . Bangalore 

o"-3'-6" 

Red, Loamy, granular 

*13. Madura (Pasuinalai)... 

0"— l'-2" 

Brownish, red sandy 
loam granular 

6.7 

*14. Vizagapatain (Muddilipalayam* 

0" — 1 ' 

Brownish, red sandy 
loam, granular 

6.2 

*15. Trivandrum (Khoddappanam Kunnu) 


Light red, gravelly 

5*6 


* The description of the s ;il profiles is taken from the records of the Soil Science 
Section of the Chemistry department. Dacca University 


It will be seen from Table II that there is no connection between the 
values of the soil constants and the values of the soils. It is also signi- 
ficant that for such high packing the values of both the electrical conductivity 
and the dielectric constant at 5 Mc/s are decidedly lower than those at medium 
radio frequencies. This is consistent with the experimental results regarding 
the variation of the soil constant with frequency for such high degree of 

packing. (See Fig. 12). 

Some typical , oscillograms, on high and medium radio-frequencies, are 

shown in Plate (VI) 
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I N T B R P R K T A T I O N OP B X P E R I M K N T A Iv R K S U ly T vS 
(a) The Effect of Packing 


As the soil is packed, some of the air Raps between soil particles are 
removed. As the degree of packing;!, is increased, more and more air gaps 
are closed up resulting in a large values pf the electrical conductivity and of the 
dielectric constant. As density also increases with the increase in the degree 
of packing, the dielectric constant viould also increase with the degree of 
packing. We would also expect some limiting values of the soil constants 
for some high value of packing, 

The experimental results with regard to the effect of packing arc tluis 
explained . \ 


(h) The Effect of Moisture 

The electrical conductivity and dielectric constant of water arc both high. 
When water is added to dry soil, it gets Into the innumerable air gaps among 
the soil particles. With more water, there is greater penetration and we 
should expect an increase of dielectric constant and electrical conductivity 
with the increase of moisture. For higher moisture contents it is also 
expected that the soil constants would tend to approach saturation values. 

The experimental results showed that the soil constants increased 
consideiably as the percentage moisture was increased from o to 20%. 


(c) The Variation of the Soil Constants with Ffequcncy 
So far as the electrical conductivity is concerned, we have to consider 
the effect of (i) displacement currents in the soil medium, (2) the effect of 
orientation of dipolar molecules in the soil and (3) the skin-effect. Ihe effect 
of an ionic space-charge formed in the soil condenser can be left out of con- 
sideration, as it is well established that the effect of such ionic charge has 
practically no ’effect except at very low audio-frequencies. In the range of 
audio-frequencies the variation of the electrical conductivity due to the 
orientation of molecules is of little importance and the major portion of the 
soil conductivity is due to displacement currents. In the region of high 
frequencies, how'ever, the effect of orientation of the dipolar molecules, is 
predominant. The total electrical conductivity of soil at any frequency is, 
however, given by . .. 

cr^erQ+o-d+o-p ••• Uw 

where, o-q *» d.c. electrical conductivity ; 

era = electrical conductivity due to displacement currents in the 

dielectric ; 

and , o-p ■= electrical conductivity due to orientation of polar molecules 

in the electrical field. 

can be shown that the electrical conductivity due to displacement currents 
ia directly proportional to the frequency, so that in audio-frequency range, the 
^variation of the electrical conductivity with frequency / would be of a linear 

form, v*®., /, where fei isaewttstant. 
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Considering, however, the conductivity of soil due to dipolar orientation, 
it can be shown that in range of radio-frequencies, where the product of 
angular frequency and relaxation time is very much less than unity, Debye's 
expression for the electrical conductivity would i educe to a simple square law, 
viz.j 

where feg is a constant. 

Thus the expression for the total soil conductivity at any frequency would be 
given by 

Bairsto’s (/oc.cii.) work substantiated this relation in the case of marble and 
slate. It is to be noted here that the d.c, conductivity term ctq is indeed a 
small quantity. When, however, it is high as in tlie case of tightly packed 
soil, the skin effect becomes appreciable and the expression for total electrical 
conductivity would be of the form : — 

+fc,/+feg/a ... (17) 

where ko involves the d.c. conductivity. 

This relation has been substantiated by our experimental results on the 
variation of soil conductivity with frequency. For low packing, the d.c. 
conductivity of soil is very small so that the conductivity terms due to dis- 
placement currents and the orientation of dipolar molecules in soil are only 
effective. For low packing, theiefore, the soil conductivity should increase 
with frequency in accordance with (17) • When the packing of soil is very 
high, the d.c. conductivity term becomes large in comparison with the other 
terms, and the skin-effect which is predominent determines the variation of 
the soil conductivity with frequency. Thus for such high packing, the soil 
conductivity is expected to decrease with frequency. Such results have 
actually been obtained experimentally. 

The variation of the dielectric constant with frequency, on the other hand, 
should ,be attributed solely to the orientation of the dipolar molecules in 
the soil medium. The experimental results on dielectric constant are in 
qualitative agreement with Debye's formula, 

(d) The Effect of Temperature 

As density decreases with the increase of temperature, it is expected that 
the true dielectric constant would decrease as the temperature is raised. Con- 
sidering, however, Deljye 's expression for the dielectric constant, since it is 
known that the relaxation time decreases as temperature increases, the dielec- 
tric constant would gradually increase with the increase of temperature. This 
increase, however, is more than counter-balanced by the decrease of dielectric 
constant with temperature due to change in density. Usually, ther^care, 
the trui^ dielectric constant of soil would gradually decrease with the ineprease 
of temperature. This is what has been actually observed. 
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PLATE VI 


DACCA SOIL 


CALCUTTA SOIL 




1 167 Mc/S 


DELHI SOIL 



808 Mc/s 

CALCUTTA 

SOIL 


886 Mc/s 


r 


3 Mc/s 




CALCUTTA 

SOIL 


1 


5 Mc/s 


L 


CALCUTTA 

SOIL 



77 Mc/s 
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Regarding variation of electrical conductivity with temperature, it is 
evident that the d.c. conductivity part increases with temperature. The conduc- 
tivity due to orientation of polar molecules would also gradually increase with 
temperature, since relaxation time decreases as the temperature is raised. The 
conductivity due to displacement curr^t which is small in the region of radio- 
frequencies, is proportional to the dielectric constant and would decrease with 
the increase of temperature. On tlWwhole, therefore, in the region of radio- 
frequencies, the soil conductivity woul^ steadily increase as the temperature 
is raised. This is also what has been eftperi mentally found. 

Since the effective dielectric constaij^ involves the true dielectric constant 
and the electrical conductivity, it is evfeent that its variation with temperature 
would be determined by the variaticis of both these quantities. We have 
seen that the true dielectric constant d^reases and that the electrical conduc- 
tivity increases as the temperature is r^sed. The latter variation is usually 
such that the effective dielectric constant of soil would slowly decrease with 
the increase of temperature. It may also remain constant over a range of 
temperature. Our experimental results on the effect of temperature on the 
soil constants are thus interpreted. 

SUMMARY 

The results of investigations on the dielectric properties of fifteen different 
soils from the different parts of India on medium and high radio frequencies 

giv0u in the paper. Measurements of the effective dielectric constant 
and the electrical conductivity were made by the differential transformer 
method or the oscillographic method. From these data, the true dielectric 
constants were evaluated. The following studies were made: 

(a) The Effect of Packing : The packing effect on the electrical constants 
of some soils was studied on 5 Mc/s and also on the respective frequencies 
of the medium wave A. I. R. stations located at the places from where the 
soils were taken, for specified moisture contents. The packing effect was 
studied in two stages : (i) for low order of packing and (b) for high order 
of packing as obtained by a hydraulic press. The soil constants were found 
to increase gradually till in many cases some constant values were attained. 

(b) The Effect of Moisture : The increase of soil constants of the Dacca 
soil with the increase of moisture content from o to 20% was studied for 
various degrees of packing. Both electrical conductivity and dielectic 
constant were found to increase rapidly with the increase of moisture content. 
The degree of packing was kept at the same value for the soils with 

different moisture contents. 

(c) The Variation of the Soil Constants with Frequency : The expentiients 

were performed for low and high orders of packing. Some .soils were studied 
for low in the range of medium radio frequencies, while all the 

fifteen soils were studied for low packing in the high frequency range from 
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about I or 2 to about 8 Mc/s. A slow decrease of dielectric constant and 
a rapid increase of electrical conductivity with the increase of frequency were 
noted for low packing. 

Experiments with some soils with extremely high packing in the same 
high frequency range, on the other hand, showed a decrease of both the 
electrical conductivity and the effective dieletric constant of the soils with 
the increase of frequency. 

id) The Effect of Temperature : The experiments on the temperature 
effect with some soils both on medium and high radio frequencies showed 
an increase of electrical conductivity and a slow decrease of the effective 
dielectric constant with the rise of temperature for very high packing. For 
low packing on medium radio frequency the effective dielectric constant of 
the Dacca soil was found to be constant over a wide lange of temperature. 
The true dielectric constant was found, however, on calculation, to decrease 
in all cases as the temperature was raised both for low and high packing. 

(c) Comparative study of the maximum values of the soil constants of 
soils from fifteen different places on 5 Mejs and on medium radio frequencies 
for some soils : The maximum values of the electrical constants of the soils 
from Dacca, Calcutta (Dum Duni), Delhi, Lucknow, Lahore, Peshawar, 
Bombay, Trichinopoly, Calicut, Ranchi, Vizagapatam, Cuttack, Bangalore, 
Madura and Trivandrain were measured on 5 Mc/s for 15% and 20% moisture 
contents. 

The maximum values of these constant were also obtained for the soils 
from Dacca, Calcutta, Delhi, Lahore, Peshawar and Calicut (Madras) on the 
respective frequencies of the medium wave stations located at these places. 

The values of the soil constant do not appear to have any correlation with 
the pa-values of the soils. 

A general interpretation of all experimental results is given. 
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ULTRA VIOLET BAND SYSTEMS OF THE MERCURY 
IODIDE MOLECULE— PART II 

By V. RAMAKRISHNA RAO and K. R. RAO* 

(Plate VI) 

ABSTRACT. Continuing the study of the bands of the mercury iodide molecule three 
new systems are obtained between \ 2530 and x 2320 which are designated as Fi, F2 and 
F3 systems. Vibrational analysis is given for the F^ and F3 systems and regularities are 
presented among the bands of the F2 system. Fi, F3, C and D systems are found to have 
a common final state w'hich is presumably the ground state of the Hgl molecule. 

INTRODUCTION 

In Part I of these investigations, Rao, Sastry and Krishnainurty ^1944) 
showed that the band spectium of the mercury iodide molecule consists of 
seven different systems (designated by them as B, C, D, K, F, G and H). Of 
these, analysis is known definitely only for the two systems C and D. These 
were shown to have a common ground state with vibrational constants 
ti)"= 125.8 and a)^ = i.09 ems^^ which are in keeping with the corresponding 
values for the other halides of mercury, as seen from Table 1 below. 

Table I 




x" 


490.8 

4.05 

HgCl 

293.4 

1.82 

HgBr 

186.3 

0.98 

Hgl 1 

125.8 

1.09 


It was also suggested that the two systems form the components of an 
electronic transition ^11 — *2 with the *11 interval 3538 cms'*\ being approxi- 
mately equal to the atomic coupling constant for the 6p electron giving the 
6s 6p *P state of the mercury atom. Further work on these band systems 
has been undertaken by the authors in order to interpret the remaining band 
systems. In the course of this attempt, new band systems have been observed 
^vhich are considered as due the meremy iodide molecule. The purpose of 
this paper is to report the data and the analysis, as far as is obtained, of the 
new bands, t A consideration of the entire band systems will be taken up in 
another communication. 

* Fellow of the Indian Physical Society, 
t A brief report appeared in Curr. Sc. i 1945, ii, 319). 
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experimental 

The bands are excited, in an ordinary Il-fonn pyrex discharge tube, by 
a transformer, as described previously in Part 1 . In addition to this source, 
the emission bands are obtained a|so by the use of a specially constructed 
valve oscillator of low power dii^igned to give a frequency of one to five 
megacyles. The substance is healed in a quartz tube with an end-on sealed 
quartz window for observation | and evacuated continuously by a Cenco 
Hyvac pump. The electrodes areSexternal and the distance l>etwcen them is 
varied. When the discharge is bfight bluish violet, the mercury iodide bands 
are emitted intensely. Exposure* of half an hour to six hours are given 
depending on the dispersion of thefe instrument used. 

R?B S U L T S 

Besides the seven previously known systems, three systems are newly 
obtained on our plates. They occur in the spectral region between the F and 
G systems and therefore designated as Fi, F2, and F3. They are shown in 
Plate VI. 

The Fi system consists of about twenty red-degraded bands, some of 
which have intense and sharp edges. The system extends over the short 
region A 2532-2455 jus>t at the violet end of the F system, with which there 
may be a slight overlapping. The wave lengths of the bands and the wave 
numbers arc shown in Table IT. The large intensity of two of the bands A 2521 
and A 2513 is probably due to the partial superposition by the strong and 
diffuse bands of the Mga’" molecule at A 2525 and A 2518 which might also 
have obscured some of the weaker bands of the Fi system. 

The Fa system consists of a succession of closely spaced bands degraded 
to the red with the interval between successive bands diminishing towards 
the longer wave lengths. About thirty bands of this system have been 
measured ; several other fainter bands could be seen but not measured. 

The Fs system is small, comprising of about fifteen bands, diffuse in 
appearance but mostly headless. It resembles the brief system of mercury 
bromide reported by Rao and Ramachandra Rao (1944). As in the Fj system 
there seems to be a partial overlapping of the bands at A 2341 and A 2337 by 
those of Hga at A2342 and A2337. Tables III and IV present the band 
head data of systems Fa and F3 respectively. 

As the bands constituting these three systems have not been recorded by 
any of the previous investigators, particular care was taken to establish by 
systematic experiments that they are not due to any possible impurity in the 
source or to other molecules containing mercury or iodine. Various spectra 
are taken and by comparison, the assignment of the systems to Hgl is cousi* 
dered to have been confirmed from tlie experimental staridpoint. 

The vibrational scheme obtained for the Fi system is shown in Table V 
in the usual diagonal array. A dozen bands have been included in the 
scheme, comprising nearly all the intense heads. Classification is not suggested 
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Table II — Ft System 


Wave length. 

Wave Number. 

Intensity. 

Classification. 

2532.83 

39470.7 

6 

1,6 

2530*08 

39512 5 

3 

as 7 

2528 50 

39537.3 

3 

0,4 

2S26.21 

39573.1 

3 

1.5 

2523.37 

39*^17.6 

(00) 


2521.13 

39652 8 

7 

0.3 

2519 01 

39686 9 

3 

1.4 

2517.52 

39709 7 

3 

2,5 

2513.61 

39771.4 

8 

0.2 

2510 22 

39825.3 

4 

2,4 

2508 56 

39851.5 

3 

3,5 

2 06 28 

39886.2 

5 

4,6 

2500.87 

39974.1 

2 

5,7 

2487 97 

40181.3 

1 

— 

2485 94 

40214 I 

0 



2476 76 

40363.1 

(00) 


2475.23 

40387.1 

0 

- 

2470.47 

40465.9 

0 

— 

2460.03 

40638 6 

•0 

— 

2454-97 

40721.5 

(00) 

— 


Table III Fj System. 


Wave Length 

Wave Number 

Intcositv 

1 

Classification 

2380.99 

41986.3 

0 


2381.15 

4*983.7 

0 


2382.30 

41963.4 

I 


*385.13 

41913.6 

1 


*387.57 

41870.3 

I 


2388.77 

41849 8 

I 


2390.9s 

41816.2 

I 


* 393-94 

41759-4 

1 


*39637 

41717.1 

I 

(3.*'") 

*397.40 

41699.1 

I 


* 393.68 

41677.9 

0 


2400.51 

41645.0 

0 

( 4 ,D*+I) 

24OX.9I 

4 1620.9 

2 


2403.42 

4x594.7 

1 3 

( 3 . 1 '‘" + 1) 

2404.40 

4 577-8 

3 

(5,v"+2) 

*405.76 

41554.3 

3 

(2,1;"+ 1) 

2406.71 

41538.0 

2 


2407 31 

41527.3 

3 

(4,v" + 2) 

2408.29 

41510.6 

2 


2410.22 

41477.4 

4 


2413.63 

41436.'- 

3 


2414.78 

41.199.1 

4 

n , v "^ 2 ) 

2416,74 

41365-5 

3 


241909 

41325.3 

4 


2421 13 

41290.7 

5 

(i.v''+ 3 ) 

2423 37 

41252.3 

3 

(o,x>"H“3) 

2424.81 

41227.8 

4 

( 2 ,^^+ 4 > 

2426 84 

41X93.3 

2 

• 4 - 4 ^ 

3428.83 

4X159.7 

2 

(o.'i>'"+ 4 ) 

2430 SO 

4 XX 3 X .3 

2 

(a,i/^ 4 ' 5 ) 

2432.50 

4x097 5 

2 

(i,x/''-fs) 

*43396 

41072.8 

2 


* 435*1 ' 

41041.0 

« „ 


a437-<» 

41020.2 

2 
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Tablk IV. Fg System 


„ Wave Length 

Wave Number 

Intensity 

Clas.sification 

*347-36 

4*587-3 1 

! 

00 


3346-35 

42605.4 

' f)0 

2,11 

2345*49 

4262 r. 8 

0 

0,8 

* 344-51 

42639.9 

2 

3 »I2 

3342-56 

42674.5 1 

2 

1,9 

2340.921 

427055 I 

} 7b(l 

2,10 

2339*53 

42731.1 

- Jt 1 

0,7 

2336.92! 1 

42778.6 

■ :■ sbtl 

J,8 

3335 64 ! 

42802,4 

i : 2 

2,9 

2334*68 1 

42818.9 

3 

S»io 

2333 60 

42839.1 

i 2 

1 0,6 

2332.23* 

42864.8 

i 0 


2331*13 1 

42885.0 

I 2 

1*7 

232995 

42905 3 

I 

2,8 

232676! 1 

42904.3 

^ 6 


2321.97 ± 1 

i 

43053.1 

5 



**Probaly due to Hga bands 
TSuperposed by Hg2 bands 
± Rroad and complex 


for eight weak bands towards the violet end ; they possibly represent heads 
involving higher (v\ v'O values. The analysis shows no bands with v"=»o 
or I ; the values of 115,5, 1147 etc., have suggested this 

particular vibrational numbering, beginning with Such a featuj*e 

might be expected in band systems characteristic of a molecule of the type of 
mercury iodide. A justification of the assignment is seen from the following 
formula calculated for the bands on the basis of this numbering : — 

v=4ooo.5+ [i53.8('r' + i) — 2.o(v' + j)*] 

-[124 5('r" + i)~o.98(v" + i)‘^] 

The constants for the final state 124*5 and x''***^*^ — 0.98 agree closely 
with corresponding values for the C and D systems. 

The structure of the F3 system is shown in Table VI. Of the sixteen 
bands comprising this system all tlie strong ones with the exception of two 
have entered into the scheme. The overlapping by Hgg bands accounts 
probably for the abnormal intensity of the bands at A2341 and A 2337 and for 
the divergencies in the AG"('y) involving these two bands, chiefly A 2341- The 
strong unclassified bands at A 2327 and A 2322 may be complexes of several 
close bands, which could not be resolved. A 2332 fo) may be due to Hg2* 
As in the Fi system, here too the v" values assigned to the bands begin with 
higher values ; it is as high as The following formula, 

v« 43521 .5 + [ 172 + i) ““ + i)® 3 

-[i24.6('y" + ' 

giving 124.6 and considered to be in support of the 
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Tabw V 

Vibrational analysis of the Fi system. 


v"Jv' 

3 34567 

AG'iv) 

0 

39771.4 (6) 39652.8 (5) 39437 - 3 'i) 

149.6 

r 

39686,9(1) 39573-1 (r) 36470.7 W 

237.5 

2 

39825.3(2/ 39709.7(1) 39512*5(2) 

141.8 

3 

39851.5(0) 


4 

39886.3 (3) 


5 

39974.1(0) 


AG''{v) 

I18.6 115.5 114*7 *02.4 



TabIvE VI 

Vibrational analysis of the F3 system. 



6 7 8 9 10 II 13 

AG *{ v ) 

0 

42839.1(2) 42731.1(1) 42621.8(0) 

155.8 

I 

42885.0(2) 42778.6(5> 4274.5(2) 

127.3 

2 

4*905.3(4) 4*803.4(0) 4*705.5(7) 4*605.5(00) 

113*4 

3 

42818.9(3) 43639 . 9 (*) 


AGCv-') 

108.0 107 8 103.5 96.9 100. 1 



Table VII — Regularities in the band heads of the F2 system 



v'' i/"-l-2 ^"+3 v"+4 x ;"+5 

AG'(v) 

0 

4 ** 5 * 3(3) 4 *> 59 . 7 (*) 4*073.8(3) 

32 2 ’ 

2 

4*399.*(4) 419007(5) 41193.3(2) 41097.5(3) 

2 

416779(0) 41554.3(3) 4*4360(3) 41335.3(4) 413378(4) 41131,3(9) 410410(3) 

33*9 

40*3 

3 

41717.1(1) 41594.7(3) 4*477 4(4) 4*365.5(3) 

4 

5 

4 * 759 . 4 (*) 4*645-0(0) 4*5*73(3) 

31816.3(1) 41699.1(1) 41577.8(0) . 

47 5 

53*8 

AG"(v) 

121*9 110.3 95*8 93 » 90.3 

- 
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PLATE VII 



Fig. A. New Bands of the Hgl molecule. 
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assignment. On the basis of this analysis the system Fi and F3 as well as C 
and D have a common final electronic state^ which is presumably the ground 
state of the Hgl molecule. 

The Fa system presents a diffeient appearance altogether irom the 
remaining bands, as can be seen froiui the reproduction of the bands in 
Plate VII. The authors have not suc&cded in confidently arriving at a 
vibrational analysis of this system. Oi|t of several attempts, the arrange- 
ment shown in Table (VII) may be p^Snled out. The order of the 
values agrees with the corresponding va|ucs for the classified system. But 
the second differences leading to x'" are not consistent. The AG"(v) 
values are found to be increasing. The.tands themselves have fairly sharp 
edges compared to the other system aud|[arge errors in measurement are not 
expected. The suggested iiumberi|ig must be treated as only tentative. 
No formula is therefore calculated for this system. Further work on this 
and the remaining systems is in progress and a discussion of all these will be 
presented in succeeding parts of the investigations. 
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X-RAY INVESTIGATION OF THE PARA-DIHALOGEN 
DERIVATIVES OF DIPHENYL 

By JAGATTARAN DHAR 

ABSTRACT. The isoniorphous crjstals of 4>4'-difluoro-diphenyI, 4-4'-dichloro-diphenyl 
aud 4>4'>dibromo-dipbenyl have been studied by X^ray methods. The dimensions of the 
unit cell have been found in each case. They point to the presence of 8 molecules per 
unit cell. The crystal of 4-4'-dichloro-diphcnyl has been further studied by the moving 
film camera. The absence of reflections lokop in odd orders suggest.s that this crystal 
belongs to the space group CJi. ip 3j/m) of the monoclinic holohedral class. 

INTRODUCTION 

In diphenyl (Dhar, 193a) as well as in terphcnyl (Picket, 1933) and 
quaterphenyl (Picket, 1936) the two l>enzene rings lie in a plane and are 
linearly extended. In dibenzyl (Dhar, 1934; Robertson, 1934 and 1935) 
due to the introduction of the two aliphatic carbon atoms the rings deviate 
appreciably from the mean plane on opi)osite sides. In striking contrast 
with the structure of dibenzyl, the benzene rings have been found by 
Robertson to be almost coplanai in stilbene (Robertson and Woodward, 1937). 

It would be of interest to find if the simple substitution of some of 
the hydrogen atoms in diphenyl would affect its planar and linearly extended 
structure. For this purpose 4-4' disubstituted compounds of diphenyl 
would naturally be the simplest and among them the difluoro, dichloro- and 
dibromo-derivatives form a good series of isoinorphous monoclinic crystals. 
They have, therefore, been chosen for the X-ray study. It is proposed to 
give in this paper an account of the preliminary investigation made with 
the crystals of these substances. 

UNIT CEIvU AND DIMBNvSIONS 

As reported in Groth’s Chetnische Krystallographie (1905) all the 
crystals belong to the raonoclinic prismatic class. Crystal, of 4-4' dichloro- 
diphenyl aud 4-4' dibromo-diphenyl have been grown out of the solution of 
alcohol and benzene by slow evaporation. They have been obtained as prisms 
elongated along the c-axis with a (100) face bounded by q (on) aud seldom r 
(zoi) faces. Sufficiently good single crystals of 4-4' difluoro-dipbenyl could 
not be obtained after several trials. Consequently for this crystal only Debye- 
Sherrer powder diagram was taken. The other two crystals were studied 
by the rotating crystal method. The copper K-radiation was used. It was 
filtered through a nickel foil whenever necessary. 
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The dimetisioiis of the unit cells of three crystals are given in the 
following table : — 


Tabi^E I 


Crystal ^ 

f 

Sp. gr. 

•a- ? 

fy 


*c* 


Number of 
Molecules 
per unit-cell 

4-4' Difluoro- 
diphenyl 

1-361 

*S' 

i4-«3 ^ '! 

r 

13 -30 ^ 

9-45^ 

96*8' 

8 

4-4' Dichloro- 
diphenyl 

1-439 

IS-Q4^ 

1 

ts.Ri) X \ 

13.61 X 

9.79 A 

96*48' 

8 

4-4' Dibrottio- 
diphenyl 

1.897 

14.09 A 

9.82 A 

94®3o' 

8 


The data for the dichloro- and the dibromo- derivatives were obtained 
from the rotation pictures, assuming the values of /S as given in Groth's 
ICristallograi^hie. The values of were later on confirmed from the measured 
spacings of some axial planes identified in the rotation photographs. Specific 
gravity values in column 2 have been taken from the Groth's book. 

For the difluoro-derivative for which only the powder photopraph was 
taken the dimensions of the unit cell cannot, of course, be uniquely deter^ 
mined. Since it is isoniorphous with the other two crystals, the different 
spacings observed could be identified by comparing them with the latter 
crystals, The observed spacings foi the difluoro derivative and those calculated 
on the basis of the cell dimensions given in Table I are gi ven below : 

Table II 

Powder photograph ^of 4-4'-difluoro-diphenyl (with nickel filter) 


Serial No. 

Observed 
(Bragg angle) 

Spacing 

observed 

1 

Spacing 

calculated 

Planes ! 

assigned 

1 Remarks on 
iutensity 

1 

9 '‘ 26 ' 

4.695 A 

(4.695 A) 

002 ^ 0 ^ 

1 V. «. 

2 

10*31' 

4.216 A 

4.17 A 

20s 

s. 

3 

12*03' 

3.686 A 

(3-686 A) 

.. ir-" 

v.s. 

4 

14 "25' 

3.090 A 

3.13 A 

003 

tn. 

5 


2.777 ^ 

2.76 A 

340 

w. 

6 

17*49 

2515^ 

2.46 A 

600 

w. 

■' 7 

20*19' 

2.217 A 

(2.217 A) 

' 060 

m. 

^ ^ ' 

23*28' 

1.932 A 


... 

v.w. 



m 


J. t>hdr 


For a detailed study of the crystal structure, 4-4'-difluoro*diphcnyl would 
have been the most suitable • among the three isomorphous derivatives of 
diphenyl because of its least absorption of X-rays. But unfortunately 
suflSciently good single crystals of difluoro-derivatives were not available. 
So 4-4'-dichloro-diphenyl, being next in order of absorption was chosen and 
studied in detail. 


wbis^knbkrg photographs and thb indexing 
OF THE REFLECTED SPOTS 


Weissenberg photographs of the zero layerline of 4-4'-dichlorodiphenyl 
were taken adout the *b* and axes. In these photographs reflexions from 
the I \ial and prism planes only are present. In order to study the general 
planes another Weissenberg photograph of the first layerline of the crystal 
about the axis was taken. 

To identify the reflecting planes to which the spots are due in the zero 
layerline of the Weissenberg photograph the most straightforward method 
which is indeed an adaptation of the method described by Bernal (1927) is 
used. The perpendicular distance from the central line in the diagram foi 
each spot is read and then converted into the ^ value with the help of 
the relation 


27rrF 180 


... (l) 


^=2 sin6> 


I2) 


The ^ value of each plane can also be calculated from the reciprocal lattice 
canstants of the crystal as for example for rotation about the axis of the 
crystal. t 


The comparision between the observed and calculated ^ values makes the 
assignment of the indices to the planes of the respective spots possible. 

For the first layerline weissenberg diagram about the '6’ axis, the 
experimental values of Bragg angle 0 were deduced by measurement of 
values for the various spots from (i). They were then compared with the 
calculated values of the Bragg angle from the relation 




hU 




[ 




2hl 

ac 


cos^ + 


-W-] 


Where the terms have the usual significance. 

A chart has also been prepared on the basis of Wooster and Wooster's 
(1933) method, corelating the Bragg angle of reflexion $ instead of against 
the angle, of rotation of the crystal and the two series of curves are drawn. 
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The photographic film is laid over the graphical chart so drawn and the correct 
assignment of the indices is confirmed as the spots all lie on the intersections 
of the two series of curves. For the zero layerline Weissenbcrg diagram about 
the ‘h’ axis, one series of curves funs with (n o 11 and another with (h o n) 
where n is a constant along any one'curve while h or 1 changes by steps of unity. 

The Weissenbcrg diagrams are |n this way deciphered and the reflecting 
planes so obtained are entered in i)j^ following Tables III, IV and V. 


Table III 

Wefissenberg photograph of the zero layerline of 
4-4'-dichloro-dipliny) crystal about 'c* axis. 


Axial 

Prism 

Prism 

Prism 

Planes 

Planes 

Planes 

Planes 

400 (v. s.) 

140 (v. s.) 

1 340 (9) 

530 (w.m.) 

(^0 (Wi 

180 (m) 

1 380 (w) 

540 (w.m.) 

800 (tti) 

250 (in) 

! 410 (m) 

610 (w.ni.) 

760 (w) 

810 (w) 

040 (m) 

080 (W 111 .) 
o(io;o vV.w) 
oU2)o (w ni.) 

270 (s) 

310 (m) 

330 (w) 

430 (w.m.) 

440 (m) 

i 510 (w.ni.) 


Table IV 

Weissenberg photograph of the zero layerline of 
4-4'.dichJoro*diphenyl about 'b* axis. 
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Table V 

Weissenberg photograph of the ist layer-line of 
4-4'-dichloro-diphenyl about ‘ 6 * axis. 


Prism 

Planes 

General 

Planes 

General 

Planes 

General 

Planes 

oi 6 (w) 

112 (w.m.) 

314 (w.m.) 

712 (v.w) 

017 (w) 

113 (w.m.) 

315 (w.m.) 

713 (w) 

3TO (w) 

1 14 (wO 

315 (v.w.) 

714 (v w) 

510 (s) 

115 (v.w.’‘ 

51 I hvj 

714 (w) 

710 (v.w.) 

118 (v,w.) 

51 1 (v W.) 

811 (v.w.) 

810 (w) 

214 (w> 

512 (s) 

811 fw) 

(14)10 (v.w.) 

219 (w) 

513 (w) 

812 (W) 


216 (v.w.) 

514 (w tn.' 

812 fw m.) 


311 fw) 

514 fw) 

813 (w» 


212 (w m.) 

516 (v.w.) 

(10)11 (w) 


312 (v.w.) 

518 (v.w.) 

(10)14 (w) 


313 (Si 

711 (v w.) 

(I 2 )I 2 V W.) 


3^3 (s) 

7II (v.w. ( 

(14)11 (v.w ) 


It is evident from the above tables that all planes of the type (oko) are 
absent when k is odd. In addition^ planes of the tyi)e (hoo) as well as (ool) 
have also been found to be absent when h or 1 is odd. But because the latter 
planes are not symmetry planes their absence is not significant and is 
regarded as accidental. The crystal of 4-4'-dichlorodiphenyl is consequently 
assigned to the spacegroup Cih (Pai/m) of the monoclinic holohedral class. 

The study of the 4-4'-dibrorao-diphenyl crystal by the moving-film camera 
is in progress. 
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EMISSION BANDS OF THE PO MOLECULE* 

By R. RAMANADHAM, G. V. S. RAMACHANDRA RAO 
AND C. RA|VIASASTRY 

{Received for pnbliipition ^ October igj6) 

(Pla|e VIII) 

ABSTRACT. In the course of an invcst^aiion on the bands of the molecule, excited 
under different conditions, the characteristic jbands, ascribed bj' previous investigators to the 
PO molecule, in the region a 2600 and A 33,)(>.;^^are found to Ik- strongly emitted )in a wide open 
heavy current arc between graphite poles containing plir)sphorus pentoxide. Tlie bands 
at A 3300, which are not yet analysed, are partly red and violet degraded. vSeveral attempts 
to include all the heads into one system hairing failed, the 1 ed-degraded bands are analysed 
into one vibrational system and the violet-degraded bands into another sys’^eni. suggested 
to be due respectively to the electronic transitions 2:S-*n and ^n-^n with a common lower 

state, same as the ground *n state of a 2600 system, established by Ghosh and Ball and 
by Sen Gupta. 

INTRODUCTION 

Band si)ectra of the diatomic oxide molecules of Group V-b elemetits 
have been extensively studied and our knowlcdjfe of these has been much 
extended in recent years (Connelly, 1934 I Sen Gupta, i 939 > i 944 » i 945 )- four 
systems (y, P, 8 and e) are analysed in NO, one in PO. two systems (A and B) 
in AsO, three (A, B and C) in SbO, and one in BiO mokenle. In all these 
homologous molecules it has been suK^ested that the lower sround state is 
a *II and the upper is either a or a *IT, giviuK rise to doublet systems of 
bands with the *n inteival, increasing from i2i cm"' for NO to 2272 cm * for 
SbO. Althotigh the mam features of these spectra are known, it is obvious 
that for a complete correlation there is need for further investifiation, 
particularly of the bands of the oxides of phosphorus and of bismuth. 

The early work on the PO liaiids was summarised by Petrikaln (1928) 
who invesliRated these bands in emission and in absorption and reported the 
existence of two characteristic systems for this molecule, one at A 2600 and 
another in the region A 3.300. Ghosh and Ball (1931). however, were the 
first to report a complete vibrational analysis of the more refrangible of thc^^ 
two systems. It was shown to consist of double double-headed baiuls 
analogous to the v bands of nitric oxide, with well ■ marked sequences and 
represented by the vi!)ratioJUu constants, 

V. =40264.7 cm-' <-'=13910 .r'o;'= 7.65 

40488.5 cm"' .-"=1230.6 x"io'' = 6.S2 

The rotational structure was investigated by Sen Gupta (i 955 ) who establish- 
ed the electronic transition of this system as *5 with the *n interval 
* ConimuinVated by Prof K. R. Rao 
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equal to 224 cm“^. But the less refrangible system at A 3300 remained 
as yet iinanalysed. Curry, Her/.berg and Herzberg (1933) recorded the 
following molecular constants, 

^0 = 30584, Wo'=II5I, a)o''=I228, 

but no detailed analysis lias, as far as the authors are aware, been published 
till now. Kven the published wave-length data of the bands does not appear 
to be definite ; the measurements made by Petrikaln do not correspond well 
with those by Gcuter. In view of this and the peculiar appearance of the 
bands a study of this system was undei taken. 

EXPRRIMBNTAI. 

The experimental work on the bands formed pari of an earlier investiga- 
tion on the Pa bands (N. Rao, 1943) in the course of which several different 
sources of exciting the bands were utilised. The PG bands were found to be 
strongly emitted in a wide-open heavy current arc between carbon electrodes 
fed by phosphorus pentoxide and absent altogether in the ordinary trans- 
former discharge through P2O5, which only gave bands due to oxygen, 
phosphorus and CO or NO. The arc consisted of a lower ijositivc graphite 
electrode about 1.5 cm. in diameter in which a cylindrical hole 10 mm. x 7 
mm, was drilled, and the phosphoi us penioxide powder liansferred directly 
into it. The upper graphite electrode was about 6 mm. in diameter. The 
arc fed by a cut rent of 7 to 8 amperes was drawn out into a long flame, the 
central i^ortion of which was focussed on the slit of the spectrograph. Preli- 
minary photographs before introducing P2O5, taken with the graphite rods 
alone under identical conditions, served as conix>arision spectra. A well- 
developed band system was obtained in the region from A 3580 to A 3150, the 
most peculiar feature of wdiich is that some of the bands were degraded 
to the red and others to the violet. This feature was recorded also by 
Petrikaln who photographed the bands in absorption using specially prepared 
phosphorus trioxide. 

Plate VIII is a reproduction of the spectra obtained with a Hilger quartz 
I,ittrow spectrograph type Ei, with and without phosphorus pentoxide in 
the electrodes and iron arc comparison. The exposure was for about half- 
an-hour. 

The wavelengths of all the band heads in order are recorded in Table I ; 
they closely agree with the published measurements due to Geutcr. The 
letter V or R in the last column indicates the direction of degradation (violet 
or red) of the band. 


ANALYSIS 

As mentioned earlier, each of the diatomic oxide molecules, homologous 
with PO, gives band systems due to transitions into a *II state from one or 
more upper states which may be either a or a *11. The PO bands under 
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Wave length 


3579-4 

3578-6 

3567 9 
3563 2 
3562 6 

3550.2 
3542 6 

3541 9 
3539 o 

3530.1 

3521.2 

3475.6 
3470 8 

3460 1 

3450 9 

3442.4 
3431-7 

3424.4 

3413.9 

3409.7 
3405 7 
3397-8 

33964 

3387.8 

3386.3 

3379.8 

3366.1 

3362.5 

3360.8 

3346.3 

3340 7 

3339.7 

3328.4 

3321.0 
3319-8 

3312.0 

3303.2 

3301. 1 

3296.5 

3286.0 

3280.4 

3270.4 

3269.3 

3266.8 

3255.2 

3253.6 

3246.2 

3238.6 

3217.4 

3204.3 

3198.9 

3198.2 

3188.2 

3180.7 

3173.4 

3164.9 
3249-8 


Table I 

Bands of PO iiioleculc 


Inten.sity 

! 

j Wa^fe number 

Classifies 

Violet-degraded 

system 

ition 

Red-degraded 

1 system 

I 

'i 

# 793 <‘ 

V (3. S) 


1 

# 79.^6 

V 


1 

.^80 19 

V ( 3 . 4) 


I 

« 8 o 57 

V 


1 

I28061 

V 


0 

'^8159 

V (n, 2) 


1 

•^8220 

V 


t 

1*8225 

V 


1 

i!l 8249 

V (2, 4) 


0 

28320 

V (I. 3 ) 


I 

28391 

V (O, 2) 


I 

28739 


R 

I 

28804 


R (3. 4) 

2 

1 28893 


R (1, 2 ) V 

I 

I 289^ 


R (0, i) 

I 

1 29041 


R 

1 

29132 1 


R (i. 2 )? 

3 

29194 

V (2, 3) 


3 

29284 

V (1, 2) 


3 

29320 

V <3. 4' 



29354 

V (u, 1) 


3 

29422 

V (2, 3) 


2 

29435 

V 


^ 1 

29509 

V (I, 3 ) 


2 

29522 

\ 


3 

29579 

V (o, I) 


3 

19647 


B 

2 

29731 


B (4, 4 > 

2 

29746 


R( 4 , 4) 

3 

29875 


R (2, 2) 

2 

29925 


B ( 3 . 3 ) 

2 

29934 


B (3. 3> 

3 

30036 


B (I, I) 

3 

30103 


R ^2,2) 

2 

30114 


B (2, 2) 

3 

30185 


R <0, o> 

2 

30265 


R (i, I) 

2 

30284 


Rfi. i> 

3 

30327 

1 

B (10, S) 

3 

30423 


R (o, 0) 

I 

30475 


R ( 5 » 4 ) 

2 

30569 

V (0, 0) 

f 

2 

30579 


B (10, 8) 

I 

30602 

V (2, 2) 


2 

30711 

V(I, 1) 


2 

30726 


R 3) 

3 1 

30796 

! \ (o, 0) 


1 1 

30869 1 


R ' 5 , 2) 

2 

31027 


R (2, I) 

I 

31199 1 


B (7. 5) 

3 

3125a j 


R (I, 0) 

I 

31259 



2 

31357 1 

1 

R 16, 4) 

2 

31431 


S 

2 

31503 


B (i, 0) 

T 

31587 


R (6, 4 ) 

2 

31739 


R (9. 6 j 
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iDvestigation may be expected to be due to a similar electronic transition. 
If they all belong to one system, say *2 — “H, they must consist of double 
double -headed bands with the doublet width equal to 324 cms""*, Examination 
of the bands has, no doubt, revealed several heads with the wave-number 
intervals either equal to or not far from the value of 224 cins'*'. But not all 
the component heads show the doublet structure : some of these are close 
doublets and others are not. This has led to the suspicion that the bands 
under investigation may comprise of two overlapi)ing systems. Another 
1 peculiar feature leading to the same view is that some of the bauds are red- 
degraded (mostly those which show close doublet structure) and others are 
violet-degraded, although instances are known of band systems where, in one 
and the same system, there is a change in the direction of degradation of the 
bands. The previous investigators, c.g. Petrikaln, as also Curry, Herzbcrg 
and Herzberg seem to have attempted the analysis of the PO bands on 
the supposition that there is only one system and the latter authors have 
suggested a possible “II — *11 transition. The first attempts of the authors were 
to examine the possibility of including all the l^and heads into one and the 
same system either a “S — “H or a “il — “JI (the latter transition possibly giving 
rise to single-headed bands). The constants recorded by Curry, Herzberg 
and Herzberg w^ere also considered and on the basis of these values the 
possibility of fitting all the bands into one system was studied. All these 
attempts having failed, recourse was taken to the alternative possibility of 
regarding the bands as belonging to two overlapping systems. The analysis 
thus arrived at is shown in Tables II and Hi. 


Tabi^e II 

Vibrational Analysis of the PO Bands. (Red-degraded system.) (System A.) 




0 

1 

2 

3 

4 

5 

0 

Q 

304*3(3) 







Q 

30X85(3) 

28969(1) 





I 

R 

• •• 

30284(2) 






Q 

31503 (a) 

30265(3) 






Q 

3x353(1) 

30036(3) 





2 

R 


• •• 

30114(1) 





Q 


••• 

30103 (3) 





Q 


3x072(1) 

*9875(3) 




3 

R 




29934(3) 




Q 



... 

29925(3) 

28804(1) 



Q 



30869(1) 

... 

... 


4 

R 





29746 («) 



Q 





2973x^2) 



Q 




30726(2) 

... 


5 

Q 








Q 





30475(1) 


6 

Q 





3x587 (f) 



Q 





3 XS 57 >!») 


7 

Q 





1 

31431 (*> 


Q 






31199(1) 
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Table III 

Vibrational Analysis of the PU Bands. (Violet-degraded system.) (System B.) 



0 

I 

2 

3 

4 5 


o 

30569(2) 

30796(3) 

29354(3) 

29579(31 

2^*59' 0) 
f 39 i(i) 




I 


30711(2) 

c 00 

28320(0) 



2 



ij^ 2 (l) 

29*94(3) 

29422(3) 

28019(1) 

28249(1) 


2 



\ 

1 

— L 


27930(1) 

29320(3) 



Ail the red -degraded bands fonti one system. The Q head interval is 
nearly 324 cms~^ and in most cases the component K heads are also detected. 
The electronic transition is probably *2 - *n. The bands are approximately 
represented by tbe formula 

va= 30260.8 + [ 1094 ( 1 ?' + i) - i4-5(‘y" + i)*] [ 1234 ( 1 ^" + i) - 9‘5(v" + 4)*] 

The violet-degraded bands are all arranged into a second system. The 
bands are single-headed. They are perhaps due to the Uansition *11 — *11 and 
may be represented approximately by the formula 

v«3o6o 6.5+ [ii5i-9('J^' + 4)-i4*i«(^'+4)*]“'[i224.('3y" + 4)-6.s(i;" + 4)*] 



£/imcfronfc /rd^nsi^fCrts m 
PO Smtiefs, 


t 
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If tlig analysis proves correct, an interesting feature of this system, which 
deserves mention, is that while the bands themselves are degraded to the 
violet, the sequence degradation is towards the red. 

The lower state for these two band systems is considered to be identical 
with the lower state of the most refrangible system which was analysed by 
Ghosh and Ball. There are thus three identified systems among the PO 
bands which may be designated as A, B, and C, in the order of diminishing 
wavelength and the electronic transitions concerned, may be represented 
diagramatically as in the Fig. i. 

Physics Dki’autment, 

Andhka University, 

Waexaiu 
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SENSIVITY TESTS OF SOME RADIO RECEIVERS 
FROM 1 Mc/s TO 20 Mc/s 

By I. L. CHAKRAVARTV and S. R. KHASTGIR* 

(Reccii'cd for ptiblica^oit, September 12, iQ4f>) 

abstract. Pensiti’vi'tv te.st.o were tnade.for five different radio receivers (Philips 313 H, 
Philips 595 IIN, Philip.s 335 HN, G.E. 6 U 5 litid H.M. V. 17 Q 7) from about i to 3o Mc/s. 
The Philips 595 HN showed the highest sen.sSjtivity and the H.M.V. 17 Q 7 the poore.st over 
the range of frequencies tested. The two old leccivers (Philips 313 H and G.It. 6 tJ 5) showed 
insensitive points, one at 7 Mc'.s and the oth# at 4 Mc/s. 

Sensitivity tests were made for five different radio receivers over a range 
of frequencies from about i to 20 Rfe/s, The receivers under test were 

Philips 313 H, (2) Philips 595 HN, (3) Philips 335 HN, (4) G.It. 6 Us and (5) 
H.M.V. 17 Q 7. Each of the receivers examined was of the superheterodyne 
A.C./D.C. Type. 

DEFINITION OF SENSITIVITY 

The sensitivity of a receiver is that characteristic which determines the 
minimum R.F. injmt signal voltage capable of giving a desired value of audio 
output. Thus the R.F. input voltage in millivolts or microvolts required to 
give an audio output of 50 niillivtatts to the loudspeaker, when the receiver is 
connected to a standard dummy antenna, measures the sensitivity required, 
the output being measured across a non-reactive resistance equal to the 
impedance of the voice coil. 

method of measurement 

From a standard signal generator a definite frequency was .generated at 
which the receiver under test was expected to operate. The carrier was then 
modulated by the 400 cycles modulation of the signal generator. The radio 
receiver was tuned to this frequency. The volume-control setting was kept 
at the maximnni position and the tone-control setting at the minimum position. 
By means of Weston’s analyser the yoltagj? .aerMS, the output terminals was 
measured. By adjusting the attenuator of the signal generator the output 
voltage level of the carrier was varied until the voltage indicated by the output 
analyser indicated a voltage that corresponded to 50 milliwatts output. 

If R be the value of a uon-rcactive resistance equal to the impedance of 
the voice coil and V the required voltage corresponding to 50 milliwatts output 
across the resistance R, 

1 

Then = . 05 watts or V= V R x .05 volts. ... (j) 

R 

* Fellow of the Indian Physical Society. 
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The impedance of the voice coil of the loudspeaker for each receiver was 
measured in the usual wajr and the voltage V was then found by calculation 
according to (i ) . The input voltage (in )uV) into the receiver could then be 
adjusted to give the requisite output voltage across R. Actually, however, 
the voltage across the voice coil was made to have the requisite value by 
adjusting the attenuator in the signal generator. This procedure gave 
substantially the same result. 

SENSITIVITY MEASUREMENTS 

In Table I are given all the measured values of sensitivity for the radio 
receivers over a range of frequencies from about i Mc/s toaoMc/s. The 
sensitivity curves for the three comparatively new receivers (Philips 595 HN., 
Philips 335 HN. and H.M.V. 17 Q 7) are shown m Fig. i. The curves 
for the two old receivers (Philips 313 H and G.E. 6 U 5) are shows in Fig. 2. 
The two old receivers showed insensitive points, one at 7 Mc/s and the other 
at 4 Mc/s. 



— O - O— O— Philips 595 HN. 

335 HN. 

_x_x— X — H.M.V. 17Q7. 


Fig. i 











170 


1. L. Chakravarty and S. f?. Khastgir 


GENERAI, CONCI^USIONS 

I. Philips 313 H — The maxinniin sensitivity was observed at 6 Me /s, 

the value being 26 There was a point of very low sensitivity at 7 Mc/s, 

the value being as high as 545 fiV from 7 to 20 Mc/s, the sensitivity was 
foiled to increase steadily. 

II. Philips 325 HN. — The maximum sensitivity was observed at 10 
Mc/s, the value being 6 /^V. Theie was a very gradual increase in sensitivity 
from I Mc/s to 10 Mc/s after which the sensitivity decreased steadily. 

III. Philips 33S HN, — The maximum sensitivity was observed at 
3 Mc/s, the value being 25 /^V. The sensitivity was found to decrease 
steadily up to 14 Mc/s where the minimum sensitivity observed was 240 /^V. 

IV. G.E. 6 U 5. — The maximum sensitivity was observed at 7 Mc/s, 
the value being 80 /^V’. The sensitivity showed an abnijit fall at 4 Mc/s, its 
value being as high as 670 /aV. From 7 Mc/s the sensitivity was found to 
decrease steadily. 

V. H.M.V. 17 Q 7 * — The sensitivity was found to be small at about 
6.5 Mc/s, the value being as high as 750 fiV. From 6.5 Mc/s the sensitivity 
increased till a maximum value of 150 /^V was attained at 14 Mc/s, beyond 
which the sensitivity decreased. 

The maximum sensitivity values of the five receiving sets under test are 
given in Table II. 

Table II 


Name of Receiver j 

Max. sensitivity in fxY 

Years in use 

Philips 313 H. 

26 fiV at 6 Mc/s 

6 

Philips 595 HN. 

6 ,, at 10 Mc/s 

2 

Philips 335 HN. 

25 ,, at 3 Mc/s 


G.E. 6U3 

80 ,, at 7 Mc/s 

7 

H.M.V. 17 Q 7 

160 ,, at 14 Mc/s 

I 


The comparison shows tfiat the Philijis 595 HN. receiver has the highest 
sensitivity over a range of fiequencies from i to 20 Mc/s (15 metres to 300 
metres). Over the same range the H.M.V. 17 Q 7 showed the poorest 
sensitivity. The receivers under test were not, however, brand-new Some 
of them were six or seven years old. The years, the different receivers are 
known to be in use, are also noted in Tab’e II. 
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THREE-PHASE R-C OSCILLATOR FOR RADIO AND 
AUDIO FREQUENCIES 

By H. RAKSHl r* and IC K. BHATTACHARYYA 

(Received for publication, Oit. 30, ig.j6) 

(Plate IX) 

ABSTRACT. The R-C tuned type of os<^lator lia.s recei\ cd i lose attention in recent 
years because of its stability and purity ot wave form The usual procedure is to provide 
regenerative feedback from the output to the (input of an H-C coupled anipliGcr which may 
consisi of one or more stages. The osciliations arc generally limiter! to the audio frequency 
range because the choic of components required for producing radio fre(|uencics presents 
practical difficnltie.s. These have been overcome in the present three-phase oscillator consi.st- 
ing of three identical stages. Tlii.“ o.scillator has been used to produce tbrcc-pha.se audio as 
well as radio frequency oscillations Mathematical formulae have beim deduced which are 
corroborated by actual experiments. 

INTRODUCTION 

J t is well known that an amplifier having a feedback path between the 
output and the input is liable to produce self-oscillations when the feedback 
is positive and the overall gain of the amplifier and feedback path is not less 
tlian unity. The frequency of the maintained oscillations is that at which the 
overall phase shift round the loof. path is zero. The oscillator may consist of 
one or more stages of amplification. If a single valve is used and the desired 
feedback obtained by means of phase-shifting ladder networks, then the unavoi- 
dable attenuation in such networks necessitates high amplification and greater 
excursion of anode voltage with consequent distortion. This can be avoided 
by using moie than one stage of amplification. A three-phase system, due 
originally to M. Van der and B. Van der Pol(i934), which has been in vogue 
during recent ycarSi is seen to behave like a selective tuned circuit as the overall 
phase difference is extremely sensitive to frequency. This is why the wave- 
form of oscillation is nearly sinusoidal. The oscillations are generally limited 
to the audio frequency range because the choice of components required for 
producing radio frequencies presents practical difficulties. 

In a recent communication by the authors (Rakshit aud Bhattacharyya, 
1946) it was shown that the conventional circuit of the three-phase oscillator 
with components selected for producing audio frequency oscillations invariably 
generates high radio frequencies by virtue of the unavoidable stray and inter* 
electrode capacities. Audio frequency can be generated by such a system 
only after making some modifications of the sinrple circuit. The present 

paper gives the details of the arrangement. 

• Fellow of the Indian Physical Society. 
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THEORETIOAI. CONSIDERATlONvS 

The principle of the maintenance of oscillation is to provide the usual regene- 
rative feedback from the output to the input of a three stage R-C coupled 
amplifier. Fig. i shows the diagram of any of the three symmetrical stages 



F1G3 I 


constituting the feedback chain where pentodes are used to mininiise iiiter- 
clcctrode capacities and special care is taken to ensure minimum change of 
electrode voltages due to mains voltage fluctuations. 

Assuming a perfect three-fold symmetry let us denote 
ri = plate load, 

r,,=a.c. plate resistance of the valve. 

Cl shunting condenser across the load, 

C« coupling condenser, 
r2** grid-leak resistance, 

Cl plate to cathode capacity together with stray wiring capacity to the 
left of the coupling condenser C, 

C2 input grid to cathode capacity together with stray wiring capacity to 
the right of the coupling condenser C, and 
ir== mutual conductance of the valve. 

The exact equivalent circuit of the above is given in Fig. 2(a) which 
reduces to Fig. 2(h), assuming ri«r;, which is very high for pentodes. 



Fig, 2 


Fig* 2(6) is agaiu equivalent to Fig. 2(c) by putting Zj for — and 

I + ti 
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m 




7.2 for where angular frequency of the oscillations maintained 

and C,=Ci+C,'. 

The alternating current along the branch Z2 is given by 

Zi 

Zi 4*2^11 4- t IjiaC 

Therefore the output voltage whSch is equal to the input voltage at the 
next valve is given by 

On substituting the values of Zi and}Z2, 

griifira- }<»C ^ 

® y<i)CTi(i + jwCa^'a) + joiCr^it + i«»C f r j ) + (i + jioC 3 r^)(i +jiuC /ti) 

SCr- (i-««r,ra5CC) 


where 2Cr=Crj + Cra + C, r i + Carjj 


and :SCC= CCa + CC< + CgC, 


Or, 


va'- 


•-=1 Aul I ^ 


SViu r gC 


\ 




where 


^ = tan‘ 


•I 1 


(la) 

(ib) 

(ic) 


a>5Cr 

Hence we see that each stage considered as a separate a|nplifier produces an 
amplification given by 

L —w^ri rgSCC 
cu 


n given by 

A=5r,r3C j [^(SCr)^' + 


(2a) 


and a phase shift with respect to its input voltaRC given by 

tpss ^+0 •;'*7 { 2b ) 

Now considering the system as a whole it is clear that for the niaintenanfce 
of oscillation we must have 

, /‘I A^t I I ... (3, 

and («^ 3^=2«jrJ 

where n is any integer. 

According to condition (it) the possible values of <p between o and 2if 


are 


4^ and 2ir. Of these three values the third one, 21/2., «*= air, though 
tnathematLlly correct, is, however, physically impossible in our system and 


hence we are left with two alternative cases- and 


4 ft 
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Case /. — High Frequency Oscillations. 

For the first case, 0=---, i.e., 0 ^ Writing wj for <*> wc have from 


equation (ic) 




... (4a) 

Or, 

rgSCC— v'3 <*>i2Cr— 1 = 0 

... (4b) 

i.e., 

V3SCr± ^/3(SCr)2+4»■,r2SCC 
arirgSCC 



Neglecting the negative value of wj and assuming r2^ri and 
so that4rj r2SCC is neglected in comparison with 3 (SCr)^, wc have, 


5- 2 sSCr _ \/ 3(C y| + Cr2 + Cj ti + C2^2 
^ sriraSCC ' rirgCCCg + 00^ + CaCj 


Or with more approximation 


~ V3( C-i-C2) 

• riC(C2 + C/) 


(4c) 


V 3 ^ V 3 «« 3 

“ ri {Cs+'Ct) ~ n(^+ Ci'TCa)" rT(^^~+c 7 ) 

where C, =Ci' + C2, Cg denotes the total stray capacity on either side of 

the coupling condenser C. 


/i^ 


y3 


27rri(Ci +C,) 


... (5a) 


Applying equ. (4a) to determine the value of the amplification “A*’ in eqn. 
(2a) we get , V 


aSCr 


rii+i + ^ . 
♦■a C 


J-L+ 

r2 C 


Hence condition (ii) for the maintenance of oscillation as given by eqn. 
f3) becomes 


gfi ^ 2 


^ -f* 2i . H 4. ?2 


rg C rg C 

Case II. — Low Frequency Oscillations- 




... (5b) 


For the second case, 0— , i.e., - . Writing wg for u> we get from 

3 3 

equat^o^ (tc) 


I — cofrirgSCC 


sstan 


... ( 6 ay 
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>>2^1 ^2^00+ v'3<*J22Cr — 1 = 0 


... (6b) 


•V32Cr±V3SCr i 


anraSCC ~ 

Neglecting, as before, the ncgatiii^ value of and taking ^ ti so that 
^ have by cxpau 4 ing the square root by the Binomial 

Theorem and retaining the first two terms 


- V sSCr + V 3^(2r i + "“J ^ 2 ^ 


2 rir 24 SCC 


V3SC; • V3r2(C+“C2) 

Or with further approximation, when c^C2$ 


J , X 

V 30 r 2 27t s/ ^Cr2 


Here also condition 3(7/) for the maintenance of oscillation becomes 


gri ^ 2 


T2 C 


D 4. ^2 

r2 C 


Vector Relations 

The relations between the currents and voltages in the different branches 
of the circuit are dei)icted vectorially in Figs. 3 and 4 where the suffixes in i 
and V refer to the currents and voltages for the respective branches. Figs. 



Fig. 3 
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$(a) and (6) represent the relations for Case I and Figs. 4(a) and (6) for Case 
II, From Figs. 3(6) and 4(^1 it can easily be seen that the phase advance 



per stage at fi and /2, corresponding to Cases I and II, are 120® and 240° 
respectively, so that the feedback in both the cases is positive. 

Simultaneous R,F. and L.F, Oscillations 


From the above analyses we see that as the gain is the same for the 
two cases there is probability of the two frequencies fi and /g being maintained 
simultaneously. Now eqns. (5a) and (ya) show that under average working 
conditions /i can be easily made to lie in the radio frequency range and /2 
generally limited to the audio frequency range. It may, however, be men- 
tioned in this connection that this probability of more than one oscillation 
being simultaneously maintained is a general feature of multiphase oscillators. 
For example, in a 7-phase oscillator two sets of oscillations are x^ossible, ^ach 
having two frequencies — one in the radio and the other in the audio frequency 
range. Thus for one set the phase advances per stage are 154?"* and 205^®, 
while the corresponding values for the other set are 102?"^ and 2577°. It can 
be shown that this latter set of oscillations requires greater gain and can thus 
be easily suppressed. In the present three-phase oscillator, although the two 
modes of oscillation are equally probable, since the required gain is the 
same in either case, experiments have shown that under the above arrangement 
the radio frequency /i only is maintained to the exclusion of the audio 
frequency /«. This is due to the fact that in a system where oscillation 
grows up from an initial impulse, having frequency components from zero 
to infinity, the highest probable frequency will build up quickly and so in 
the present case, as the building up of oscillation at fi is much quicker than 
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that at /2, /i grows up first and once /| is built up it is not generally possible 
for /2 to grow thereafter. Under certain favourable conditions, howeyer, 
ft is possible to have both radio and audio frequency oscillations simultaneously 
maintained. This is discussed later. ^ 

t fj , ' ' > . 

Production of audio frequency oscillations: 

From the above considerationji it is obvious that to obtain /e we must 
somehow suppress f\ without of couiie adversely affecting /g. This can be 
done by connecting a capacitance from the anode to cathode of only one 
stage. The magnitude of this capacUy should be such that it will effectively 
reduce the overall gain of the system l:»elow unity at the radio frequency but 
its reactance at the audio frequenc}! should be large compared with the 
load resistance rj. 

, It will be seen from the discussion of harmonic distortion that oscillatioi^s 
are purest when the three stages are identically the same and the overall 
gain is just greater than unity. Any asymmetry in the stages requires greater 
load resistances for the production of oscillations. In actual practice it is 
(tnore difficult to maintain symmetry for /2 than for /t. An attempt to 
suppress fi by connecting a suitable capacitance as explained above with a 
view to build up the audio frequency introduces further asymmetry, specially 
for the highest audio frequencies. Hence if initially the radio frequency 
oscillation be going on at critical maintenance condition^ the uae of such a 
capacitance will no doubt suppress fi, but f^ may not actually ,be maintained 
in that condition. In such a case it will be necessary to increase the load 
( resistance and then only /2 will build up. 

The* double function of suppressing /i and increasing the gain without 
at the same time introducing any asymmetry, can be effected simultaneously 
by incorporating in each stage a small resistance r in series with r\ and forming 
^art .of the total load, but left unshunted by Cj, as shown ip Fig. 5(a). Fig, 
5(6^ shows the simplified equivalent circuit at radio frequency. Now if Ci 



3 — {629!' — 5 


178 


H, Rat^ahit and K. K. Bhattacharyya 


be larg^e compared with C « but not large enough to have any appreciable 
shunting influence at the highest audio frequency we can, as a first approxi- 
mation, neglect C, in our equivalent circuit. This will not vitiate our 
inference of the effect of r at radio frequency but will on the other hand 
simplify the analysis. 


The output voltage is then given by 






r+ r 

1+1 


jwCiri 


+ {«<*Cjr?)=]». 


where tan and R = n + r. 


... ( 8 ) 


Or, 


V2^ 1 Avi I .j n + fi 


(ga) 


where the amplification A is given by 


A= 


(R + «.>«Cfrfr)» + (a>C 




... (gb) 


i + u>*Cirf [ 

As before the conditions for maintenance of oscillation are (i) A*«ti and 
(ii) 3(«’ + ^^) = 2nn'. For the radio frequency mode under consideration, ^a= 

3 

and hence condition (ii) is satisfied if 


/I / 

^ ^ =tan — v^3 
R + oi^Cfrfr 


... (gc) 


This gives 


^- C,r?± VC?rt-i2 C frfrR 
2v/3Cfrfr 

Or, neglectinsf the positive sign before the radical which is obviously inadmis- 
sible, if we consider the limit when r=o, 

Cirf — Cir, V^r? — i2rR 
zv'sCfrfr 


... (9d) 

2V^30irir 

Now in order that w may be real, the expression under the radical sign 
must be positive. Remembering that R=»ri + r, it is easy to see that the 
necessary condition is 


r> — >o.o77ri ... (lo) 

6 + 4 V 3 

In other words, if we make r>'0.077ri, no radio frequency oscillation 
can be maintained. In practice the effect of Cg is to make the limiting value 
of r slightly greater than that given by equation (xo). ^ 



179 


A-C Oscillator jor Radio and Audio Frequencies 
Comparing equations (qb) and (qc) we have 
A=: 

i+<o*Cfr? ■ 

••• 

On substitution from (gd). this furth^ reduces to 



(nb) 


ri — — larR 

Since the value of r required to j^st suppress the r.f. oscillations is a small 
fraction of ri, as given by equation (lo). 


V r? — i 2 rR = ri — 6r 



+ higher powers of — 
U 

Hence, as a first approximation, for small values of r. 



Similarly the expression (gd) for frequency becomes 



(lie) 


(iid) 


Equations (iic) and (iid) show that as r is gradually increased from zero 
the frequency of the generated r. f . oscillations continuously increases whereas 


the gain of the system continuously decreases. The variations of /=™ and A 

29r 

with r, for two different values of rj, are shown in Table I. 

These variations are shown plotted in Fig. 6. Fig. 6(a) refers to ri **3000^2 
and Pig. 6(6) to ri=i85ol^. The two sets of curves at once show that if 
Ti is near the critical value required for maintenance then gain is reduced 
below unity for values of r less than that given by equation (10). If, therefore, 
the value of ri be such that the r.f . oscillations are just maintained and r is 
gradually increased, the limitation of gain is primarily responsible for the stop- 
page of r.f. oscillations. Fig. 6 further shows that when ti is sufficiently greater 
than the critical value, the limitation of phase shift is attained first and the r.f. 
oscillations stop even though the gain is greater than unity. The value of r 
required for suppression of the r.f. oscillations for such values of r, is given 
by equation (xo). 
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TABtK I 


C,=i50/i#i/ ; ^=i'2xio'* mho 


... ’ ^ 

ri = 3,000 n 

j?r,« 3.6 ; o.G77r,=23in 

/ 

*850x1 

2 22. ; o.o77ni=i4?.5P . ^ ^ ^ 

I 

/x 10”® 

A 

r 

X 

M 

0 

r 

A 

o 1 

6.13 

1.80 

“ i 

9-93 

i.ii 

10 

6.21 

1.79 

185 ! 

10 33 

1.09 

40 

6.4s 

1-75 

37 

10.72 

I -07 


, 6|.62 

1-73 

55.5 1 

11.12 


! ii 5 o 

' ' ' ’ ^.94 

" 1.69 

74 

' 11.5^ 

' ’ 1.03 ' 

150 

7*35 

1.64 

92 s 

1 11.92 


200 

7.76 

1-59 

111 

12.31 ' 

0.99 

330 j 

8.00 

1 . 

t.56 

140 

12.93 

0.96 




FJG. 6(6) 
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Thus with Ti near the critical value, if r is gradually incieased, the 
amplitude of the r.f. oscillations would gradually decrease to zero and then 
die out. On the other hand if the value of ti is much greater than the critical 
value the amplitude will no doubt decrease with increase of r, but instead of 
dying out on reaching zero amplitude the oscillations suddenly stop when the 
amplitude is still sufficiently large. These features are clearly observed when 
the experiments are performed witlf a cathode ray oscillograph as a visual 
indicator of the oscillations. 

BXPERIME|ffTAL, RESULTS 

A series of experimental tests wei^ performed to verify the validity of the 
theoretical relations discussed above^ The complete oscillator was fitted up 
according to Fig. i, modified by tiie introduction of r as shown in Fig, 5. 
The three resistances ti were wound with inanganin wire on thin mica cards. 

A. Radio Frequency Oscillations — r Shori^ circuited 

In this condition it is immaterial whether Ci is directly connected across r\ 
as shown in Fig. i. or connected between the anode and the H. T. negative 
line. In practice, for studying the effect of the variations of Ci, a three-gang 
condenser was used for theCi’s, the common shaft being connected to the 
H. T. negative line. 

According to eqn. (5a) we have 

2irri(Ci+C») 

Or Ci=-^. ] -C, ... (12) 

2 »rri fi 

Table II 


Case 


CiM) 


/likcjo 


l//lXlO® 


Cs (/ujui) 
from graph 


65 

1490 

0.67 

106 

1085 

0.92 

185 

695 

1.44 

270 

516 

1.93 

350 

440 

2.27 

80 

1538 

0.65 

150 

922 

1.08 

200 

735 

1.36 

250 

610 

T.64 

300 

512 

1.95 

350 

440 

2.27 


44 


2S 


This shows that if h be chaanged by varying C i and-^ is plotted along y-axis 
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and Cl along :i:-axis, the graph will be a straight line cutting the :x:-axis on 
the negative side, the intercept giving the value of C,. This gives us a ready 
method of estimating experimentally the total stray and inter-electrode capa- 
city on the two sides of the coupling condenser. Table II gives the record of 
observations on two typical oscillators. The values for Case I refer to the 
oscillator using 6K7G type valves and those for Case II to the second oscilla- 
tor using 6SK7 type valves in which the connections were short and made with 
special care to minimise stray wiring capacities. The load resistance ti was in 
each case 2,000 ohms. 



The results arc shown graphically in Fig. 7 from which we see that the stray 
capacity in Case II has been considerably diminished. It will be noted that 
there is a slight difference in the inclinations of the two straight lines to the 
:t;-axis, although according to eqn. {12) such a discrepancy should not have 
existed since ri was the same in each case. If, however, we rememl:)er that 
eqn. (12) is derived from (5a) which in itself is an approximation from (4c) it 
will be clear that the slope of the straight line is more correctly. 


tan"^ 


2»rrL 


^31 I 



) 


Now the values of C in the two cases concerned were different and auto- 
matically changed due to altered wiring. This explains the difference in the 
two slopes. 

Fig. 8(a), Plate IX, shows a tyincal oscillographic record of the r.f. oscilla- 
tions generated by the oscillator, frequency 500 Kc/s. 

It is evident that to make /i very high, valves with high mutual conduc- 
tance and low input and output capacitance must be used. Using 6SK7 
valves with 1500 ohm load and having no external Ci a frequency of 9 Mc/s 
has been obtained. 

Quartz Control — The r.f. oscillations can be established by using a single 
quartz crystal in i>lace of the coupling condenser C in any one stage. The 
crystal is selected to have resonant frequency within the range of the oscilla- 
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tion. The three-gang condenser for the C i *s in the three stages is adjusted 
till the crystal frequency is obtained. In this condition the coupling conden- 
ser C of any one stage is replaced by the mounted quartz crystal. It is found 
that the frequency of the maintataed oscillations remains constant even 
though the ganged condenser Cj is varied within wide limits. 

Three-phase symmetry^ — In the mode the phase shift produced by any 
one stage is primarily dependent upoi (Ci +Ca) and r , when the grid leak and 
coupling condenser are, as usual, Jbmparativcly very large. By using three 
similar valves» identical wire-woun^ resistances for r j , ganged condenser for 
Cl and making symmetrical connections it is easy to maintain the phase shift 
tjroduced by each stage at 120”. 

The equality of output voltag 4 at each plate is checked by thermionic 
voltmeters. To test the 3-pliase synfectry, the grids of the three oscillator 
valves are connected to the grids of three other triodes of which the anodes arc 
tied together. The H.T. of the triodes is applied through a common load 
resistance. If the triodes are identical, it is obvious that the combined output 
will be zero when 3-phasc symmetry exists. 1 his has been verified experi- 
mentally. 


B. Audio FreQueti'Cy Oscillations 

The short-circuits across the r's arc removed for this mode of oscillation. 
The 3-gang condenser used for the r.f. mode is disconnected and throe equal 
mica condensers are connected across the three resistances r, . For generating 
oscillations of varying audio frequency the three coupling condensers C are this 
time replaced by a 3-gang condenser having each section coniplclely insulated 
from the other two. 

For a given setting of C the value of r is gradually increased till a stage is 
reached when the r.f. oscillation (/j) stops and the audio frequency (f-j.) builds 
up immediately. Fig. 8 (b). Plate IX. shows a typical record of the a.f 
oscillations, frequency 600 c/s. In a typical case using 6K7O valves with 
= 3.000 ohms and C, =i50/V'/. the minimum value of r required to suppre^ 
/, was found to be 230 ohms. This agrees with eqn. (10). As explained in 
connection with Fig. 6. it has been found that when r, is very near the critical 
value ft stops for r much less than that given by eqn. (10). In a typical case 
with ri“ 1850 ohms., /, stopped at r=joo ohms. In such critical cases, 
however, it has been observed that /a does not build up as soon as /j les 
down but that it is necessary to increase r still further for the start an^d 
maintenance of /g. This would seem rather puzzling as wil,h increase of r the 

audio gain increases, although the r.f. gain decreases. 

It can be shown, however, that if the three stages are not identiMlly he 

same and the grid leaks of two stages are equal while that of the third stage 
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is either greater or smaller than the other two, the overall gain of the system 
for audio frequencies, is less than^ri/2. The r.f. gain is not afiFected by 
variations in r2- Under these conditions, therefore, when ri is very near the 
critical value, the r.f. oscillations are normally maintained when r~o. As r 
is gradually increased the r.f. gain decreases and finally /i dies down. The 
a.f. gain no doubt increases with increase of r but due to this asymmetry may 
still be less tlian unity for the value of r which just suppresses the r.f. oscilla- 
tions. This explains why in such cases r has to be further increased in order 
to maintain the a.f. oscillations. 

C. Simultaneous R.F. and A.F. Oscillations 

When ri is neither very nearly equal to nor much greater than the critical 
value, it is found that if r is slowly increased from a small value with a view 
to build up the a.f. oscillations, a transition stage is reached when both the 
a.f. and r.f. oscillations may be simultaneously present. The oscillographic 
record. Fig. S(c), Plate IX, depicts this condition w'ith the time base synchro- 
nised to the generated a.f. oscillations, as may be noted from the trace of the 
fly-back path. 

It may be noted in this connection that in a system capable of maintain- 
ing simultaneously two oscillations at frequencies widely different from each 
other, the higher one is generally believed to be modulated by the lower one. 
But no such modulation is present in the oscillographic record as is evident 
from the constancy of the amplitude of the r.f. oscillations, A radio receiver 
used to receive these oscillations also failed to indicate the presence of modula- 
tion under these conditions. When, however, ti is further increased and the 
valves no more operate within the linear regions of their characteristics, the 
audio oscillations cease to be sinusoidal and the trace on the cathode ray 
oscillograph indicates variations of the amplitude of the r.f. oscillations, 
indicating modulation. The radio receiver in that case gives the audio 
frequency output. 


HARMONIC DISTORTION 

The phase-shift oscillator system behaves as a selective tuned circuit ' in 
so far as the overall phase shift is a function of the frequency, i.e., at frequen- 
cies other than those given by equations (5a) and fya) the feed back is not 
positive. Once oscillation has started from an initial minute impulse it will 
build up to such an amplitude that due to overloading the transconductance 
of a valve is reduced below the initial value and the overall gain of the 
amplifier is reduced just to unity. This will necessarily produce harmonics 
as in other conventional self- maintained oscillators. To reduce harmonic 
distortion it is therefore essential to make the. load resistance n just enough 
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to satisfy equation (5b). With further increase in rj, the distortion will go on 
increasing. 

It should be noted in this connection that, on a comparative basis, the 
radio frequency oscillation is purer than the audio frequency one. This will 
be appreciated if we remember that tl^ limitation of the amplitude of oscilla- 
tions is due to the variation of g ijrith variations of grid voltage during an 
oscillation cycle. The allowable chaise in g being the same for either mode 
of oscillation, since the expression fo| effective gain is the same for either case, 
it is obvious that the particular mode j|or w’hich the excursion of anode voltage 
is smaller will necessarily be purei| Now the effective anode load for the 
r.f. mode is half that for the a,f. mod|l with a given value of ti because of the 
shunting influence of Ci. The haril^onic distortion is therefore comparatively 
less for the r.f. oscillations. ^ 

f, 

Further, as already mentioned, vmen the three stages are not identical, 
the grid leak of one stage being different from those of the othei two, the 
overall a.f. gain of the system is less, for any given value of the load r,, than 
if three-fold symmetry existed. In other words for a given overall gain a 
larger value of Ti is required if three-fold symmetry is not maintained. In a 
system consisting of three identical stages oscillations are therefore maintained 
at a relatively lower value of rj and hence it is essential to maintain symmetry 
of the stages in order to keep the harmonics at a low level. For the r.f. mode 
the gain and phase shift depend primarily upon the resistances r,, a ganged 
condenser being used for Ci. In ]>ractice, by using wire-wound resistances 
for fi, it is fairly easy to maintain symmetry for this mode. For the a.f. 
oscillations when a ganged condenser is used for C, it is necessary to match 
the three grid leaks ra to equality if harmonic distortion is to be reduced. 
If this precaution is not adopted the oscillator will give greater distortion for 
the a.f. mode than for the r.f. mode. Again, when the grid excursion of any 
stage is sufficiently high to drive it positive and causes grid current to flow, 
the effective value of rg and hence the a.f. oscillations are thereby affected. 
From this point of view also the r.f. oscillations are purer than the a.f. ones. 


CONCIyUBION 

In the present paper some of the essential features of the symmetrical 
type 3-phase R-C tuned oscillator have been discus.sed. The properties of 
the asymmetrical type will form the subject matter of a subsequent communica- 
tion. It may however ,be mentioned in this connection that the symmetrical 
r.f. oscillator can easily be made to generate frequency-modulated oscillations. 
A very simple method would be to shunt any of the threfe valves by, say, a 
triode and apply the modulating audio voltage to the grid of this triode. The 
effective anode load resistance of the corresponding stage will then vary and 
consequently produce wide^band frequcfncy modulation. 

4— 5 
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COMPARATIVE STUDIES OF THE JOSHI-EFFECT WITH 
A VACUO-JUNCTION AND DIODE DETECTION 

By B. Ni PRASAD 

{Received for publication^ Aug, 75, ig40) 

ABSTRACT. Production of the JoshUf^ffect^ an instantaneous and reversible photo- 
diminution A I of the discharge current I is studied in chlorine excited by 2-6 kV at 50 cycles 
frequency. A vacno-j unction and double di^de (the latter being coupled inductively and 
resistively with the L.T. of the ozoniser) sejhred as detectors. As established by Joshi, Ai 
docs not occur below the ‘threshold potential’ and that %A/is maximum near it. Based 
on Joshi ’s result that A/ predominates in the high frequency part of an explanation . is 
developed for Joshi ’s general finding that % A/ decreases by increasing the circuital 
resistance, on an analysis of the behaviour of the H.F., ly.F. and supply frequency parts of i 
in terms of the corresponding damping and skin effects. 

INTRODUCTION 

The marked dependence, on the nature of the operative conditions and 
of the current detector employed, of the magnitude of the above phenomenon 
was emphasised by Joshi (1943, 1945a). Metal oxide and similar type rectifiers 
and subsequently low resistance Cambridge vacuo-junctions were used in 
these Laboratories during earlier work on this effect. Their use limited 
appreciably the range of the working conditions such as, for example, the 
magnitude of the applied potential (kV), etc. In the present work, the Joshi* 
Effect Ai was studied using a double diode as a current detector, which com- 
paratively is less subject to the above limitations. This arrangement has 
revealed that the magnitude of this phenomenon can be as high as 81% current 
decrease with but ordinary light. 

EXPERIMENTAL ARRANGEMENT 

The general apparatus and the circuit used are shown in Fig. i. Chlorine 
gas, purified carefully over liquid air, was contained in the annular space of a, 
Siemens' type ozoniser at about 200 mm. pressure and excited at potentials 
varied in the range 2-6 kV (r.m.s ) at 50 cycles frequency. The disc;h£|rge. 
current i was measured (i) in dark and (ii) under irradiation from one 220 volt#, 
200 watt incandescent (glass) bulb by manipulation of the shutter shown in. 

Fig. 1. k . ‘ 

Three series of observations of i were made. In the first, the low tej^sion 

electrode of the chlorine tube, L.T., was earthed directly through a yacncH, 
junction connected to a reflection galvanometet with an appropriate , 

This part of the circuit is shown by « in Fig. l* 
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Fig. I 


Production of Joshi-Effect in chlorine 

In the next series, a double diode, 6H6 (RCA), was used as a half-wave 
rectifier by short circuiting the two plates : the cathodes were heated indirectly 
with 270 mA. D.C. from a storage cell. The discharge current i was allowed to 
flow through the primary of a Bell type iron core, step up transformer (1:3); 
its secondaries were connected to the plates and the cathodes through the 
galvanometer as shown by in Fig. i. Finally in y in Fig. i, the input to 
the diode was tapped from a non-inductive and practically non-capacitative 
Dubilier resistance JR, varied in the range 5-40 kli. 

Fig. a shows the characteristic current potential curves observed in dark 
aiid in l%ht using a vacuo-junction, in the range 2-6 kV applied to the 
cBBoniser. In experiments] to which Figs« 3 and 4 refer the vacuo-junction 
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was substituted by a double diode, coupled inductively and resistively with 
L.T. respectively. From these curves the net Joshi-Effcct Ai, using a given 
detector, can be obtained at a given kV ; the relative Joshi- Effect %At is 
Ai X loo/idork. 

DISCUSSION 

During these observations the fundamental imi)ortance of the ‘ Threshold- 
potential Vm (Joshi, 1929, 1945b), fn reactions under electrical discharge in 
general and the JoshUEffect in particular, were noticed (Joshi, 1945b, 1944). 
Below Vm, which depends upon a number of operative conditions such as 
tenii^erature, gas pressure and esincially frequency, the JoshuEffect is not 
noticed. It is interesting to observe ‘^that the curves in Figs. 2, 3 and 4 show 
that despite the widely divergent nt^es of i measurement, Vm for the above 
chlorine tube was about 2.4 kV. The maximum %Ai indicated by the vacuo- 
j unction was about 64 at 2.93 kV ; and that with the diode fed inductively, 
from the L.T. circuit of the excited ozoniser, was about 81 at 2.67 kV near 
Vm (Joshi, 1945c). It is also seen that an increase of kV increases i and also 
Ai, the corresponding %Az, however, decreases fjoshi, 1943). agreement 
with previous results (Joshi, 1945c), it is found that %Ai is reduced greatly in 
the resistive coupling of the detector diode. At JR = 5,000 ohms, the maximum 
% At is only about 10, the operative conditions being the same as those with 
the other detectors. Furthermore, as compared with results with inductive 
coupling, this maximum % At occurs fairly above Vm* Results at greater R 
than the above value showed large i (input being larger) but a reduced At 
and % At, It is significant that this influence of R in suppressing At and 
%At was markedly uniform under all conditions of excitation employed in this 
work. 



Fig. 2 

Jo$hi>Effect with vacuo-juaction detection 



• ■ t V 


. B. N. PrasaA 


4m 


too 


\\ b^sev*v^€^^^uyith ^touhla 



: '. ' Fig. 3 

Jdshi-Effect with diode detectioh 


Curv^ent if, 3 id. observed y/ith douhte diode 

cou^ie</<**ejistiLi^efy with ' 



Fig. '4 

JosM-Effett with diode detectiou 


From Figs. 2, 3 and 4-, it is seen that the valuer for %At differ markedly 
with the mode of the current measurement employed. An explanation of 
this apparent variability is now suggested. From the oscillographic studies of 
the ozoniser, ,^schwges under conditions .appre^n-iate to the production of 
large At (Joshi 1945a, 1945b, 1943), has established that (a) the discharge current 
f contains high frequency w, low frequency tur, and the supply frequency 
component t* and that tar represente the c^iief .seat of . this phenomenon At ; 
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(b) the damping constants 'R/ 2 L of an oscillatory circuit consisting of R» the 
inductance 7^ and the capacity C ; (r) the ‘ skin-effect.* From (a) . 

is • ' 


These quantities are added vectori<illy . 

In order to realise the significance of (h), the state of an oscillatory circuit 
in which C stands for a compound (gas-solid) dielectric, should be taken into 
account. In a jot red oscillatory discharge, the current flowing through the 
circuit is given by 

f ^7 a' sin Toj'/ + +T sin “*</>) • • ■ (2) 

The symbols have their familiar sigilificance. From ( 2 ) it may be deduced 
that the initial wave-form of the currel^t would result from the superposition 
of an undamped wave of frequency /' and a damped one of frequcnc^y /, The 
former persists while the latter is damped at a rate that depends upon Rl 2 l^ , 
finally 7 becomes equal to 7o' sin Oo'f 4- It should be emphasised, that 
equation ( 2 ) has been derived by considering the dielectric C to be in an 
unionised state. The Joshi-Effcct is, however, observed only when the gas 
is ionised under the discharge. Besides, therefore, the two components in 
equation ( 2 ), an ionisation current consisting also of tup and Lf is present. 
This non-sinusokloi ionisation current ?e (Joshi, 1945 ^# i945^^ I943) ^ 

expressed to a sufficient approximation by 

/.rxB-nS'' sin (<ui + fli,) + r«.a sin ( 2 .../ +^> 2 ) + 7„,3 sin (3«'t + «3) + •••>••■ '3) 


w^here Tm represents maximum value of the current. 

The ‘ skin-effect * arises from the uneven radial distribution of current in a 
conductor ; the eflFective resistance i? of a straight circular wire is given by 


where R is the D.C. resistance and the other symbols have their usual 

significance. i 

It is easily shown that in the inductive coupling %Ai would be largest 

due to the low (ohmic) resistance in the oscillatory circuit. On the other 
hand, with a resistive coupling and also in the vacuo-junction detection an 
appreciable resistance is introduced. This last increases the dampmg 
constant ’ and also the * skin-effect ' ; as a consequence a reduction of the HF 
oscillations occurs prior to irradiation, and therefore, in the corresj^nduig 
%Ai, as is actually observed. A like reduction in %Ai is not appreciable in a 
thermal device like a vacuo-junction. since the corresponding loss by resistive 
damping of far is represented by conversion into heat. It is to be anticipated 
therLre, that %Ai would decrease as R is increased. Thi^ « m agreement 
with the results These considerations also account for the decrease in ^A^ 

that as kV increases hv preponderates. 
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MEASUREMENTS OF TEMPERATURE OF THE DIFFERENT 
PARTS OF A RADIO RECEIVER AND OF THE OSCIL- 
LATOR DRIFT DURING WARMING-UP PERIOD 


By 1. L. CHAKRAVARTY 


{Received for piMkation, Sept. 12, 1946) 

ABSTRACT. Temperature variations of IJie different part.s of a radio receiver (Philips 

SQ5 IIN) were measured. The temperature^ rise was the highest al) 0 vc the ballast lube, the 

xnaxinium temperature rising to about 84 ®C. Near the T.F. transformer the temperature 
rose to little over 42 '‘C. Of the five positions the region just above the gang condenser 
showed the minimum rise in temperature. The steady temperature was attained nt least 
after 2J hours’ operation. 

The frequency of the oscillator was found to decrease graduallj’ from 2515 Kc/s to 
2492 Kc/s, ci>rrcipon<ltng to the change of letnperalnre from 31° to 3s’C near the oscillator 
coil. 

INTRODUCTION 


To the designer of a radio receiver, the study of temperature variations 
of the different parts is indeed an important problem, so far as the selection, 
treatment and proper placing of the component parts are concerned, fhe 
different parts of the receiver rise to widely different temperatures during the 
warming-up period. This rise of temperature has sometimes a marked effect 
on the working of a receiver and its longevity. Temperature variations cause 
minute mechanical movements and distortion of components and they also 
change the electrical properties, such as the dielectric constant and insulation 
resistance of materials. Owing to high order of sensitivity in modern 
receivers, these small changes may effect a serious change in efficiency and 
alignment of a receiver. In many cases these changes are not fully restored 
when a corresponding decrease in temperature takes place. This leads to a 
gradual deterioration in efficiency and performance of a receiver. Ihe rise 
of temperature may often vary the tuning position, this being due to variation 
in capacity of the tuning condenser. This drift that occurs during the 
warming-up period may persist for some time and necessitates alteration of 

the tuning control to keep the desired station in exact tune. This trouble is 
often to be found in the short wave bands of a receiver. It is due to gradual 
changes in the I.P. alignment of a superheterodyne receiver or more frequently 
to changes in frequency of the oscillator of the receiving system. A study of 
temperature variation of the different parts of a receiver and its effect is thus 
of practical importance to a design engineer. 

In the present paper results of some experiments on temperature variation 
of the different parts of a superhet receiver and on the frequency drift of the 

5— .629X*— 5 
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oscillator system in the receiver during the warining-up period are given. The 
receiver under test was a Philips set. Model No. 595 HN. Similar work on 
the effect of temperature was reported by Scott (1938). 

ARRANGHMENT AND PROCEDURE 

The Philij'is 595 HN. receiver was placed in the middle of a room such 
that the walls were at least at a distance of 10' feet on all sides. This was done 
to ensure that there was no ai>preciable reflected radiation from the walls 
affecting the receiver jiarts. Sensitive thermometers were placed one at each 
of the following i)ositions- 

1. Above the ballast tube. 

2. Beneath the chassis centre. 

3. Near I.F. transformer. 

4. Beneath the chassis near coils. 

5. Just above gang condenser. 

Before the commencement of observations the receiver was not worked 
at all for about 4 to 5 hours in order to ensure that all parts of the receiver 
were at the room temperature at the time of the commencement of observation. 
Observations were started as soon as the receiver was switched on. For an 
hour, readings of the thermometers were noted down at an interval of 10 mins, 
and then at an interval of half an hour for three hours more. 

EXPERIMENTAL RESULTS GN TEMPERATURE 

VARIATION 

The experimental results of the temperature variations for the five 
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different parts of the receiver are shown in Fig. i. The temperature rise was 
the highest above the ballast tube — the maxiinmn temperature rising to about 
84®C. Near the I.F. transformer the temperature rose to a little above 
42 ®C. Of the five positions the region just above the gang condenser showed 
the minimum rise in temperature. It will be noted that the steady temi)era- 
tures were not attained until after at least 2J houi's* operation. 

D E T H R M I N A T I N f) 1*' OSCILLATOR FREQUENCY 
DRIFT WITH TEMPERATURE 

The change in the frequency of the oscillation of the receiver was noted 
on a small calibrated vernier-condenser placed in parallel with the main 
tuning condenser of a heterodyne wave-meter. TJiere w’as a definite fre- 



quency drift which is graphically shown in Fig. 2. Initial oscillator frequency 
was 2515 Kc/s. The temperature change during this experiment is also 
shown in the same diagram. 

The temperature near the oscillator coil changed from 31^0 to 35®C. 
The frequency of the oscillator was found to decrease gradually from 2515 
Kc/s to 2492 Kc/s. In this experiment the temperature attained a constant 
value after about 4 hrs. The total reduction of oscillator frequency during 
this time was 22.2 Kc/s. 
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THE EFFECT OF THE SOLVENT ON DIPOLE MOMENT 

By G. r' PARANJPfe* and M. B. VAJIFDAR 

(Received for publication, Oct. 15, I9i6) 

ABSTRACT. The dielectric constant dilute solutions of prop>’l bromide, propyl 
iodide, butyl chloride, butyl bromide and ^butyl iodide is measured in each of the solvents 
he^cane, heptane, carbon tetrachloride, benzefie and toluene by the method of resonance. 
The results are used to calculate the appareui electric moment in solution using the Debye 
equation and volume fractions. 

The various empirical and theoretical relations are found suitable for representing the 
resufts. The customary extrapolation to ♦«=! for calculating /ugna has failed to give 
consistent results. Extrapolating to €==1.7 the values obtained from the various relations 
are not only self-consistent but also agree with the experimentally determined value in the 
vapour state. 

The formula of Goss is found to give a better agreement than the rest. 

The effect of the solvent in the measurements on dipole moment was 
brought into prominence by the results of Miiller (1933) on the polarization of 
chlorobenzene in a' number of solvents. It was then realised that electric 
moments estimated from measurements on dilute solutions needed reconsidera- 
tion and the problem was studied from both theoretical and practical points of 
view in an effort to discover a relationship between the appaient moment in 
solution and the real moment in the gaseous state. It is usual to extrapolate 
to e=« I to obtain the moment in the gaseousstate. Davar and Paranjpe (1941) 
observed ^hat extrapolation to 6=1,7 gave a better agreement; between the 
values derived from tbe various empirical equations. The present work .>vas 
undertaken to re-examine the validity of the various solvent' effect equations 
and of the suggestion pf Davar and Paranjpe to extrapolate to 6=1.7 instead 
OftO€=J. . * 

The apparent electric moment of propyl bromide, propyT iodide, butyl 
chloride, ^ butyl bromide and butyl iodide was measured in each of the solvents 
hexane, heptane, carbon tetrachloride, benzene and toluene. Sugden (1937) 
has determined the electric moment in the vapour state of the solutes and his 
values are useful for comparison with our experimental results. 

The apparatus and the procedure are the same as in the previous work qn 
this subject carried out in this laboratory, except that in the present work 
crystal-controlled oscillator was used. 

, to! J TaMesTa;and Ib give the experimental results. 

• ^e^low.qf the Indian Physical Society. i ' 
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Table la 



l>ropyI Bromide j 

Propyl Iodide 


.P ' 

•• E2 

^sol 


1 

"wi 

Hexane 

111.2 

24.0 

2.07 

102.2 

25.1 

1.94 

Heptane 

109.5 

21.0 

2.06 

100.4 

25-2 

1.92 

Carbon Tetrachloride 

104.9 

24.0 

1 .99 

98 7 

27.9 

1.86 

Benzene 

102.3 

23*4 

i -97 

98.6 1 

29*3 

1.84 

Toluene 

98.9 

23-2 

1 

1-93 

95-8 

27.7 

1.83 


Table Ih 


' 

Butyl Chloride 

Butyl Bromide 

1 Butyl Iodide 


.P2 

s 

ht 

1 ^pol 

• Pa 


"s..! 

1 : 

.1*, 

1 ' 

j ^sol 

Hexane 

109.3 

1 24.8 

2.03 

114.6 

25.6 

2.09 

III.l 

29.2 

2.00 

Heptane 

108.9 

^5.3 

2.02 

114.2 

30.4 

2.03 

110.8 

30.4 

1.98 

Carbon Tetrachloride ... 

103.3 

25.3 

1 95 

108,6 1 

28.4 

i 1-98 

209 6 

33'0 

1 94 

Benzene 

102.3 

25.6 

1.94 

107.4 

1 27 5 

I.9R 

106.2 

32 3 

1.93 

Toluene 

100.4 

25.5 

Z.92 

105.8 

27-5 

1 J.96 

1 

105.8 

32.4 

1.90 


aoPa stands for molar polarization of the solute at infinite dilution. 

»P«2 stands for electronic polarization (molar refraction) of the solute at 
infinite dilution. 

/*.oi stands for the electric moment in solution. 

In calculating the molecular polarization we used Van Ark el and Snoek*s 
(1934) modification based on volume fractions. In this method it is not 
necessary to determine the density of the solution at different concentrations 
and the observations and calculations arc considerably simplified. Polariza- 
tion at infinite dilution was calculated on the assumption of Sugden’s relation. 
The electronic polarization, Pkj, was calculated from the measurement of 
refractive index using a Pulfrich refractometer (Na-D lines). The electric 
moment of the solute was calculated from 

/t*8*o.oia73 V(ooP2*^floP*i)T Debye units, 

T being the absolute temperature of the solution. 

The discussion of our experimental results will be considerably fadUtated 
by dividing the discussion under three headings, viz. ii) empirical relations 
for correcting the solvent effect, (z) theoretical considerations of factors not 
included in the Debye equation and (3I the empirical relations of Goss. 
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1 . EMPIRICAL RELATIONS FOR COR RECTING THE 
SOLVENT EFFECT 

The following: empirical relations have been tried : — 

psol 

-5^ = 1-0.075 (e-i)“ (Miiller, 1933, 1934) 


P 3 = A + B®--^ (Sugden, 1934) 

Pj,=K,+ — “ (Jenkins, 1934) 

e ^ 

a 

P2* (Davar and Paranjpe, loc, cit.) 

Tables II and III give the values of Pg“'' and /igus calculated from our 
observations on the assumption of Muller's relation. 


Tabi,e II 

Po®"® calculated from Muller's relation 



Propyl 

Bromide 

Propyl 

Iodide 

Butyl 

Chloride 

Butyl 

Bromide 

Butyl 

Iodide 

Hexane 1 

Heptane 

Carbon Tetrachloride 
Benzene 

Toluene 

9*57 

92. 

91.05 

89 60 

87.89 

81.80 

80 60 
*968 
7878 

79 .o§ 

89.66 

89.51 

87% 70 
87.11 

86.98 

94-55 

89.69 

90 17 

90.75 

90.96 

87.07 

86.06 

86.20 
86.17 

85.21 

Mean 

90.75 

79.98 

88.19 

91.24 

86.14 



Observed values 
in vapours iSngden) 

94 - 4 S 

82.55 

90.97 

94.45 

88.40 


Tabi.e III 





calculated from Muller’s relation 




Propyl 

Bromide 

Propyl 

Iodide 

Butyl 

Chloride 

Butj;! 

Bromide 

Butyl 

Iodide 

Hexane 

Heptane 

Carbon Tetrachloride 
Benzene 

Toluene 

2.13 

2.13 

2.11 

2.09 

2.07 

2.00 

1.99 

I 98 

1.96 

1.97 

2.10 

2.09 

2.07 

2.07 

2.06 

2.15 

2.10 

2.10 

2.11 

2.11 

2.06 

2.05 

2. 05 

2.05 

3.04 

Mean 

3. II 

I 98 

2.08 

2.11 

2.05 

Observed values 
in vapours (Sugden) 

2.15 

2.0Z 

m 

2.15 

2.08 
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Tables IV and V ^ive similar values calculated on the assumption of other 
relations* In each table we give Sugden's values as determined in the vapour 
state for ready reference. 


Table IV 

calculated from empirical relations 
(extrapolation e=i) 


1 

Propyl 

Bromide 

Propyl 

Iodide 

Butyl 

Chloride 

1 

1 

Butyl 

Bromide 

Butyl 

Iodide 

Sugden’s relation 

146 4 

5 

134-6 

140 4 

127.0 

Davar & Paranjpe *s relation 
Jenkins^ relation 

1572 

119.8 

142.2 

148:1 

131 9 

169 3 

124.7 

150.5 

1 

156.6 

148.6 

k 1 4. 

Observed values in vapours 
(Sugden) 

1 I 

1 118.2 

1 

1 

111-5 1 

1 

j 116.4 

1 

122.8 • 

1 * 121 g 


Table V 

Pa*®* calculated from empirical relations 
(extrapolation 6 = 1.7) 



Propyl 

Bromide 

j Propyl 
Iodide 

Butvl 
Chloride ' 

Butyl 

Bromide 

Butyl 

Iodide 

Sugden's relation 

117 8 

104. 1 

113 8 

1193 

114.5 

Dayar & Paranjpe ’s relation 

118.6 

104.4 

114.4 

119 8 

114.9 

Jenkins* relation ( 

119.4 

104.7 

114.9 

120 3 

117 4 

Observed values in vapours 
(Sugden) 

iiS 2 

1 

111-5 

116.4 

1 122 8 

.121.9 


It will be seen from these tables that none of the relations when extra- 
polated to give consistent results. When the extrapolation is carried 

out only to 6=1.7, values obtained from the various relations are not only 
self-consistent but they also agree with the experimentally determined value 
in the vapour state. It should be pointed out that the extrapolation to 6 = 1.7 

I ' 

does not appear to improve the aigreement in the case of propyl iodide. 

11 . theoretical consideration of factors Not 

INCLUDED IN T E EBYE EQUATION 
All the theories of the solvent effect agree in stating that 

They ^ however, differ from one another in considering the. yari9n^ Jactors 
responsible for the induced moment, . Still all agree ill asi»fihing that 
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Mindnetd depends on the shape of the molecule and the position of the dipole in 
it. ’ The parameters in the following relations depend on these two factors, 
vizpp the shape of the molecule and the position of the dipole : — 




/Uioi=a-^ — 


(Weigle, 1933) 
(Frank, 1935) 


where a-(i + Ai + Ac>)./Xg«B and b= -^‘(Ai -f A2)./*gfv«. 

Here also ^gaH can be calculated for €=i and for 6=1.7 again as 

before «== 1.7 gives a much better agreement (Tables VI and VII). Further, 
we find that an equation of the type 


can also be applied to the experimental results. 

Table VI 

/Jigag calculated from the equations of Weigle, Frank, and the authors 

(extrai)olation 6=1) 
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Hobbs (1939) has modified Onsager’s theory of reaction field' and calculat- 
ed the value of odPo**^ from the known values of . In the present work 
we determine Pq®®^ experimentally and we desire to calculate Po®** . We, 
therefore rewrite Hobbs’s equation as 

Po!®* C>R 

Po*®’ 3KT 

The results obtained on the assumption of this equation are given in 
Table VIII. 


Table VIII 

Po®“ and /UgftB calculated from Hobbs's equation 



1 

Propyl 

Bromide 

Propyl 

Iodide 

Butyl 

Chloride 

Butyl 

romide 

Butyl 

Iodide 

Po e®" 

Calculated from 
Hobbs's equation 

f 

1 ns .3 

92*8 

loa.i 

100.2 

1 95.3 


Observed values 
in vapours (Sugden) 

94-5 

8a .6 

91 0 

94.5 

i 

88.4 


Calculated from 
Hobbs's equation 

2 38 

2.13 

2 24 

2.22 

1 2.16 

Observed values 
in vapours ^Sugden) 

2.15 

2.01 

j 2. II 

2.15 

2.08 


It will be seen that the values of Po®“® and /^gae thus calculated are much 
higher than those experimentally observed by Sugden for vapours. This 
probably means that in this calculation, following Hobbs, we have over- 
emphasised the effect of the reaction field. 

We also tried to calculate the values of MgAs by using the following equation 
of Higasi (193b) •• 

e + 2 

As direct determination of the ratio of the axes of molecular ellipsoid 
as required by Higasi is not available for tlic solutes, an attempt was made 
to estimate it by three methods, viz, (i) from optical polarizabilities, (2) from 
molecular model and X-ray data, and (3) from the empirical relations of 
Goss. Values of MgAt calculated with the values of this ratio obtained by these 
three methods showed differences among themselves and the agreement with 
the value of observed is not satisfactory, the variations being from 5% 
to 10%. 
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III. THE EMPIRICAL RELATIONS OF GOSS 

The assumptions made by Goss (1937, 1940) in his empirical lelations for 
the sol^vent effect are the same as those of Raman and Krishnaii, and 
Onsager. Goss’s equation is 



where Pe+a=»i,05 [Ri.]d, 5% of the molar refraction being added to account 
for the atomic polarization. Y and Z are constants. 

Goss uses a graphical method to determine the value of these parameteis 
Y and Z. He, however, uses a curviliiieai extrapolation of tlie graph which 

cannot be justified. His formula and the index 4 attributed to — - seems to 

be reasonable. We have seen by trial and error method that index 4 gives 
the best agreement between the experimental values from solution and 
vapour data. Thus we prefer to retain Goss’s equation but not his method 
of curvilinear extrapolation. Even here extrapolations to higher values 
than seems to give better agreement. We observed that the values 
calculated from the formula of Goss without the curvilinear extrapolation 
give a better agreement with Sugden's data for vapours. This agreement 
is much better than the agreement obtained by the use of any other 
empirical formula. 


Table IX 

fXgM calculated from different equations 
€«i.7 for all solvents (together) 

€==1.81 for carbon tetrachloride (singly) 


Equations 

1 Propyl 
j Bromide 

1 Propyl 

Iodide 

Butyl 

Chloride 

1 Butyl 
Bromide i 

1 1 

Butyl 

Iodide 

MGller 

Jenkins 

Sugden 

Davar and Paranjpe 
Weigle 

Frank 

Authors 

Goss 

2.10 

2.17 

2.15 

2.16 

2.15 

2.14 

2.14 

2.14 

2.98 

1-95 

I 94 

1.95 

I 99 

2.or 

2.00 

2.00 

2.08 

2.09 

2.08 

' 2 09 

2.C9 

2 11 

1 2.10 

2.10 

3 .11 j 

2.13 1 

2.12 j 
2 12 

2. 11 

2 11 

2.11 

2.13 

2.05 

2.05 

2.02 

2.02 

2.05 

2.06 

2.06 

2.08 

Mean of a to 8 

3.15 

X.98 

2 09 

2.12 

2.05 

Observed values 

a.15 

2.02 

2. II 


2.08 

in vapours (Sugden) 
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MEASUREMENTS OF THE INTENSITY OF THE 
NIGHT SKY LIGHT AT CALCUTTA 

By S. N. GHOSH 

{Received fof publkationt Nov, 2Q, 19^6^ 

ABSTRACT. The paper describes the resjilts of measurements of the night sky intensity 
variation made at Calcutta on selected nighty in 1943-45, taking advantage of the black- 
out condition of the city. It was found that o|i undisturbed nights, the night sky intensity 
decreased with advance of night, attained a t|^ininiuin near nb.>ut local midnight and then 
again increased. This trend of variation is tlie same as that observed by Karandikar (1934) 
at Poona and Blvey (1943) Texas. 

Of the total 50 nights observed, 30 per cent were found to be disturbed i,e., the intensity 
variations were erratic. Not all such nights were a.ssociated with magnetic activity. On 
disturbed nights which were accompanied by magnetic disturbance, the trend of variation 
was approximately the same as the variation of maximum ionisation of Region-P. (The 
data for the latter were available from the regular ionospheric' observations made at the 
Universitv College of Science, Calcutta, under the auspices of the Radio Research Committee 
of the Council of Scientific and Industrial Research.) The significance of this correlation is 
discussed and it is .shown that it supports the hypothesis of Mitra (1943) in which the 
luminescent layer is identified with Region-b'. 

There Nvere also nights in which the night sky intensity varied abnormally but the electron 
density of Region-F did not follow the same trend. These nights were found to be free 
from magnetic disturbance. 


INTRODUCTION 

Measurements of the intensity of the night sky light (both the total intensity 
and the intensities of the different spectral components) carried out in different 
parts of the world show that the intensity is variable. The variations, as 
measured by different observers, may conveniently be classified as follows : 

I. Long period (eleven-year solar cycle) variation.— This shows strong 
positive correlation with the mean yearly sunspot area (Rayleigh and Jones, 
1935 ; Smith, Gilliland and Kirby, 1938)- 

2 Seasonal variation.— This has maxima at equinoxes and minima at 
solstices (Martyn and Pulley 1 1936). 

3. Nightly variation.— This has a regular and an irregular part. The 
irregidar variation shows strong correlation with magnetic activity (Barber, 
1041) and. as such, its origin may be the same as that of aurora and ma^e ttc 

^tm namely, bombardment of the upper atmosphere by charg^ ^icles 

toieg«etotI« t«rt, rt ob^ 

.M nfortusatdy not the san.. as to it. v«U«on. In the Tsble gtoen below, 
the ftv«ijable data on this point are summarised. 

2 — * 6 s 9®— 6 
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It will be noticed from the Table that there is considerable divergence 
regarding the nature of the variation as observed in different parts of the 
world. It was therefore thought that additional data might throw more light 
on the point and observations were made at Calcutta (lat. 22'"33 N,, long. 
88® 21 E.) on selected nights during the years 1943-45 taking advantage of 
the black-out condition of the city. It should be mentioned that owing to 
unfavourable weather condition, observations could be carried out only for 
seven months in a year — October to April. 

Another object of the investigation was to test Mitra*s hypothesis of the 
night sky emission (Mitra, 1943 ; Ghosh, 1943). In this hypothesis, Region-F 
of the ionosphere has been identified with the luminescent layer of the night sky. 
The reaction which excites the night sky spectrum is one of electron transfer 
from negative ions of atomic oxygen to positive ions of nitrogen molecules, 
both of which are abundantly present in the Region-F at night. According 
to the theory, therefore, one would expect some sort of a correlation between 
nocturnal variation of electron density of Region F and that of night sky 
intensity. In order to test if such correlation existed, simultaneous observa- 


Observer 

Place of observa- 
tion 

Observed region 
of spectrum 

Nature of variation 

Rayleigh (1929) 

Terling, England | 

[ Wavelengths 
shorter than A5577 

The intensitv increases as night 
progresses ; attains a maximum 
near about local midnight and 
then begins to decrea.se again. 

Cerniajev, 
Kvostikov and 
Panschin (1937) 

Caucasus 

mountains 

AA4550 to 5900 

> » $9 

Barber (1941 ) 

Mt. Hamilton, 
Central California 

Yellow green 
region 

In addition to a maximum near 
about local midnight, there is some 
indication of a secondary maxi- 
mum at about 3 AM. 

Bradbury and 
Sumerlin (1940) 

♦» II 

Red and blue 
regions 

For the blue radiation, the varia- 
tion is same as that found by 
Rayleigh. For the red , there is 
a steady decrease throughout the 
night. 

Karandikar (1934) 

Poona, India 

Red, green, blue 
and violet re- 
gions 

The intensity decreases as night 
progresses, attains a minimum 
near about local midnight and then 
begins to rivse again. 

Hlvey (1943) 

McDonald Obser- 
vatorv , Texas, 

U. S. A. 

Total intensity 

^ The variations can be classified 
into two groups ; 

(i) Same as that found by 
Karandikar. 

(ii) There is a slow and steady 
decrease in intensity throughout 
the night. 


tions of night sky intensity and of the electron density were made on dark 
clear nights as were available, four days before and four days after the new 
moon of every month. Unfortunately, the electron density measurements 
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could only be started from October, TQ44. This was because the transmitting’ 
licence of the ionosphere apparatus with w^hich the observations were being 
carried out under the auspices of the Radio Research Committee of the C. S. 
I. R. had been withdrawn due to war. This was restored from about that date. 

With the cessation of the black out condition in the city in May, 1945, 
the investigation had to be suspended due to interference of stray light. 

E X P R R I M H N T A I, ARRANGEMENT 

The experimental equipment for the measurement of the night sky light is 
essentially that used by Fabry (1910) and is shown in Fig. i. A telescope with 


F 

Fig. I 

Telescopic arrangement for intensity nieasiirenient of night sky light by phott)graphic 
blackening. A— 'object glass, C — a circular opening in the focal plane of A. 15 forms an image 
of the exit pupil of the objective on the photographic film F. 

objective A and eyepiece B is i>ointed towards the region of the sky to be studied. 
The objective is achromatic, 4" in diameter and 57 cm. in focal length. In its 
focal plane a circular opening C is placed. The eyepiece placed behind the 
opening is a double convex lens of focal length 3 cm. A single lens is used 
as the eyepiece in order to reduce the absorj^tion of light. The eyepiece 
throws on the photographic film F an image of the exit jiupil of the objective. 
The telescope receives light from a solid angle of about 1.5x10"'^ radian 
of the sky. It is clear that C being in the focal plane of the objective, the image 
on the photographic film will have uniform illumination. The film-holder 
could be moved up and down by a rack and pinion arrangement so that 
different parts of the film could be exposed when necessary. 

Observations were made on dark clear nights at every hour, starting in 
majority of cases at 9 P.M. and ending before the morning twilight. The 
telescope was focussed 6° above the Pole Star. This region was chosen because 
of the absence of bright stars therein throughout the night. Photographic 
impressions were taken on H.P. 3 (Uford) cut-film which gives sufficient 
blackening for an exposure of 3 minutes only. All the impressions of a 
Single night were taken on one and the same film and were measured by a 
Moll microphotometer next day, 

RESULTS OF observations 

Out of the total 50 nights observed, the variation on 35 nights followed a 
typical course. On such nights the intensity decreased wi^h the advance of 
night, attained a minimum near about local midnight then again increased 
fpig. 2) . From data obtained from Alibag Observatory, it was found that 
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these nights were free from magnetic activity. The trend of variation of 



LOCAL TIME 
Fio. 2 

Typical variation of the night sky intensity, fa) Feb. 23-24, 1944 ; (b) Feb. 26-27, 1944 ; 
(c) Oct, 17-1R, 1944. The intensity decrease.s with the advance of the night, attains a 
minittinm near about local midnight and then again increases. (The maximum 
intensity is taken as unity. ) 

night sky light at Calcutta is, therefore, same as that observed by Karandi- 
kar (1934) at Poona and Elvey (1943) at Texas. Elvey, however, found 
in addition nights in which there is a slow and steady decrease in intensity 
throughout the night. No such nights were found in our observations. 

30 per cent of the observed nights were found to be disturbed, i.e., the 
intensity variation was erratic. Not all of such nights were, however, asso* 
dated with magnetic activity. 

Simultaneous observations of Region-P electron density and of the night 
sky light showed that on undisturbed nights, on which, the night sky intensity 
showed a typical variation, (which is proportional to electron density) also 
did the same. The two variations, however, did not follow similar trend. 
While the typical variation of the night sky intensity was as described above. 
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that of the Region-I. electron density: was as follows: thee was a decrease 

to nmnediately after nightfall, the decrease continued up 

H > f n*^°*^5* ^ tendency to rise. Afterwards the 

density fell gradually to about one-fourth of the evening value before 

sunrise. Hg. 3 shows typical variations of night sky intensity and the corres- 



Fig. 3 

Comparison of the variations of the ni^ht sky intensity (A) with the corresponding 
variation of U* (B) for two normal nights. Upper curves are ick Oct. 5.6, 2944 and 
the lower for Oct. 17-18, 1944. Note that the variation of the night sky light intensity 
does not follow that of fr*^ 
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ponding variation of for two normal nights. It is at once noticed that the 
two variations do not follow each other* That there may not be any corres- 
pondence between the two variations is also expected from Mitra's hypothesis. 



2200 2300 0000 OfOO 0200 0300 0400 

LOCAL TIME 

Fig. 4 

Comparison of the variations of the night sky intensity (Ai with that of for two 

abnormal mights with magnetic distarbances. The upper curves are for Feb I4>t5» 1945 
and the lower curves for Feb. 15-16, 1945. It is to be noticed; that the variation ot the night 
shy intensity follows the same trend as that of If’* 
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During the period of the investigation, there were two abnormal nights, 
namely» Feb. 14-15 and 15-16, 1945 on which there were magnetic disturbances. 
On these nights it was found that the variation of the intensity of the nig S 
sky light followed the same trend as that of In Fig*. 4 the two variations are 
compared. It will be noticed that tiic two curves run approximately parallel 
to each othei . A proof in support of Mitra's hypothesis is thus furnished. 



Fig. 5 

Comparison of the variations of the night sky intensity (A) with that of /r* (B) for 
t wo Ob normaJ nights /r«« from magnetic disturbances Upper curves are for April, 16-17. 
1945 and the lower curves for January 1819. t 945 Note that the vanotion cf /r does not 
f ellow that of the night sky intensity. 
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There are also nights in which, though the night sky light varied abnormal- 
ly, the variation of fv^ did not follow that of the night sky intensity. These 
nights were found to be free from magnetic activity. In Fig. 5 the variations 
of night sky intensity for two such nights are compared with those of /p®. It 
will be seen that there is hardly any similarity between the two. 

DISCUSSION 

It appears that on undisturbed nights, the variation of the night sky 
intensity in sub*tropical latitudes like those of India follows a trend similar to 
that at Texas (lat. 31^30 N). 

On disturbed nights which are accompanied by magnetic disturbance, the 
trend of variation is api^roximately the same as the variation of maximum 
ionisation of Regioii-F. This correlation is discussed below and supports the 
hypothesis of Mitra that the himinescent layer is to be identified with Region- 
F. 

The variations of electron density, as obtained from ionospheiic measure- 
ments, are those occurring in the region of maximum ionisation. These varia- 
tions do not tell anything about the nature of variation of the total number of 
electrons present in a column of unit cross-section of Region-F. But the inten- 
sity of the night sky emission depends precisely on this latter quantity. I'he 
electron density, for instance, may increase due to contraction by cooling of 
the ionised region as a whole, but the total number of electrons in a column 
of unit cross-section may remain more or less constant. 

A positive correlation between the variation of the night sky intensity and 
the variation of the Region-F maximum density would, therefore, be expected 
only when the latter variation follows a trend similar to the variation of the 
electron content of the region as a whole. This is the case with abnormal 
nights associated with the magnetic activity when the electron content of the 
region as a whole (not merely the maximum electron density) may be expected 
to be affected. 

Correlation between the variation of the night sky intensity and of the 
maximum electron density of Region-F may not, therefore, always be expected. 
It occurs only on nights of abnormal activity with magnetic disturbance. 

For similar reason, the long -period variations of night sky intensity and 
maximum electron density of Region-F should vary concurrently. Several 
workers (Rayleigh and Jones, 1935, Smith, Gilliland and Kirby, 1938 and 
Martyn and Pulley, 1936) have, in fact, found unmistakable correlation 
between the seasonal and eleven-year solar cycle variations of night sky 
intensity with those of the maximum electron density of Region-F. 

It is very significant that no correlation whatsoever has been observed 
between the Re^ion-K electron density variation and the night sky intensity 
variation (Bradbury and Sumerlin, 1940)- This is w»hat is expected if the 
night sky luminescence is to originate from Rej3:ion«F« 



Measurements of Intensity of Night Sk,y Light at Calcutta 213 

A C K N O W L E D O M R N T S 

The work described in the paper was carried out when I was enjoying an 
Adair, Dutt Research Scholarship. It is tny pleasant duty to record my 
thanks to the Adair, Dutt Research Fund of the Indian Science News Asso- 
ciation for having granted me the schdlaiship, 

I also expiess iny sincere and |rralcful thanks to Ptof. S. Iv. Mitni for 
suggesting the work to me and for inatoy helpful discussions in course of the 
preparation of the paper. 

WlRBLESS IfABORAtORY, 

University Coeerge of Sciencb. 

92. UpFer Circular Road, ^ 

Calcutta. ; 

REFERENCES 

Barber, D. R., 1941. 

Bradbury, N. E/and Sunierlin, W. T., 1940, Terr. Mag. and Atmos. Elec., iS, 19. 
Cerniajev, Kvostikov and Panschin, 1937* ^ Phys., 7 . 149- 
Elvey, C. T., i 943 i Astrophys. ]., 97 , 65. 

Fabry, C., 1910, Comptes Rendus, 150 , 272. 

Ghosh, S. N., 1943 , 3 oi* 

Karandikar, J. V., i 934 » J^d. /. Phys., 8, 547. 

Martyn, D. F. and Pulley, O. O., 1936, Prof. Roy. A'or. /), 1 #*, 

Mitra, S. K., 1943. Science and Culture, 9 . 46 
Rayleigh, hard, 1929, Froc. Roy. .Soc .-t, 124 , 395. 

Rayleigh, Wd, and Jones, H. S . 1935. 

Smith, N., Gilliland, T. R. and Kirby, S. S , 1938, /. Nat. Bur. .^tand., 21 . 835. 


3 — X629P — 6 



28 


THEORY. CONSTRUCTION AND WORKING OF 
MAHAJAN’S HUMIMETER 

By L. D. MAHAJAN* 

{'Received for publication, October 15, 1946 ) 

ABSTRACT. A new type of hygrometer (Mahajan’s Humimet^r) has been devised. It 
has simple costruction and works on the principle of balance. The readings of percentage 
humidity are indicated by its pointer directly on the scale marked on its dial. 

It is a portable instrument of the size of a small table clock, and is useful for factories, 
offices, workshops and observatories where and when approximate value of the relative 
humidity of the surrounding atmosphere is required in a short time. 

It is not as accurate as the Mahajan’s Optical hygrometer but is, however, much more 
accurafe than many other types of hygrometers, such as, hair hygrometer, pap^r hygrometer, 
etc, Its aproximate percentagge of error is ±2. 

The details of its construction, working and theory are given bclow’. 

INTRODUCTION 

In 1941, the author devised an Optical hygrometer (later on called 
the Mahajan’s optical hygrometer, (Mahajan, 1941a), Government of 
India patent No. 30321), which works on the principle of balance, and the 
observations of which arc recorded by means of lamp and scale arrangement ; 
This instrument proved a most sensitive and accurate hygrometer, 
it is used in observatories and laboiatoi ies where and when very accurate 
observations are required, or when very minute changes of humidity are to 
be detected. But this has its own difficulties, such as, long lime in setting-, 
extra care to look after it, and not easily portable due to lamp and scale 
arrangement. It is why it cannot be used in factories and offices where rough 
values of the relative humidity or iiercentage humidity of the surrounding 
air is required. In view of all these difficulties, the author has now devised 
another type of hygrometer (called Maha'jan’s Humidity meter, in brief, 
Humimeter) which will serve the above mentioned purposes. 

It is a portable instrument of the size of a small table clock. It indicates 
directly on its dial, the approximate value of the percentage of humidity of 
its surrounding atmosphere in a short time. Its construction and theory 
are simple and arc given below in detail; 

CONSTRUCTION 

Its complete construction is given in figure i, where H G and P H are 
two thin circular discs of any light metal, and diameter about xo cms. They 

* Fellow of the hidian Physical Society. 
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are joined together by means of four rods K F, Y X, W V, and G H, each 
about 2 tnm, thick and about 5 cnis. long. Kach disc has a small cylindrical 
block of iron, or Ba, rigidly attached to it. In the centre of each block, 
there IS a small groove J or J'. These grooves are fitted with jewels as 
shown ill the figure. The hard ends K and L of a .strong steel rod about 3 
cms. long rest in those grooves. To this revolving rod KI^ is attached 
rigidly a balancing rod AB, by means of two small screws O and O'. 

The balancing lod AB is made of a light metal and is about 6 cms. long, 
2 mm. broad and o, 5 mm. thick. It rests edgewise on the revolving rod, 
and has two unequal arms a and h. The arm a is about i. 5 cms. long, and 
supiiorts a i)aii M, while the other arm which is about 3 times longer, has 
no such pan, but is bent twice at right angles at B and P. The end P' of 
this arm forms the i)ointer which moves on the scale S. 

bn its front, there is a circular dial. On one side of it, there is a half 
circular slit S, about 3 mm. wide, cut into it. It runs from its bottom to top 
and is shown in the figure by dotted lines. The arm BP of the pointer after 
passing through the slit moves on the scale S which is marked on one side 
of this slit. The slit is graduated in terms of peicentage of humidity from 
o to 100% • This scale is coverd with a transparent glass plate, about 2 mm. 
above it. 

, , The free movement of the revolving rod KL is controlled by means of 
• a fine hair spring H, one end of which is fixed to it, and the other to the 
support T, The pan M hangs freely from the end A of the balancing rod. 
It contains some substance which absorbs moisture from the atmosphere 
surrounding it, and gives out moisture accordingly when the moisture 
content qf the atmosphere decreases- In this case, the same substances were 
, . used which had been , tested and utilized in the Mahajan's optical hygro- 
meter (Mahajan, 1944^)^ 
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The whole of its cylindrical side is perforted with small holes for free 
circulation of air inside it. The whole instrument is supported by the 
levelling: screws Ri, R2 and R3, and is always kept in horizontal position. 
On its back, there is a disc C having a screw N connected to a thin rod r. 
It has a fine jaw Q at its other end. On screwing it in, the jaw holds the 
balancing rod in position and does not allow it to move. On screwing it 
out, it loosens the balancing rod, and allows it to move freely. Thus it 
controls its niovcmeiits, and makes it convenient for protable iiurposes. 

The quantity of the substance put into the pan M is just sufficient to 
bring the pointer P' at zero % humidity when the aii is absolutely dry and 
it points 100% when the surrounding air is fully saturated. This scale is 
then calibrated by comparison with a standard wet and dry bulb hygrometer. 

The figure i is not accoiding to any scale, but has been made such that 
it depicts all the parts of the instrument. 

THB OR Y 

The mam principle of working is the same as that of Mahajan 's optical 
hygrometer. But it differs in construction from it in some respects, namely: — 

(*) Instead of two pans in the optical hygrometer, there is only one 
in the Huminietei. 

(ii) In place of the second pan, there is a long pointer which moves 
on the scale S marked on the dial, 

(Hi) The two arms of the balancing rod are not equal. The pointer 
arm is about three times longer than the pan arm. 

(iv) There is a hair spring attached to the revolving rod to control 
its movements. 

(v) The external shape is cylindrical. 

When the humidity of the air increases, the substance in the pan absorbs 
more moisture, and when the humidity decreases, it gives out some of its 
moisture to the surrounding air. This increase or decrease in weight is 
directly proportional to the increase or decrease of % humidity of the air. This 
variation in the weight of moi.sture content affects the balancing beam. 'By 
increase of weight, the i>aii M goes down, and the pointer P' goes uji^ and the 
reverse takes place, when there is decrease of weight. This movement ^f 
the pointer P' has been calibrated with a standard wet and dry bulb hygro- 
meter. Thus the scale on the dial gives the direct reading of the % humidity 
of the surrounding air or vapours. 

SENSITIVENESS 

It is not so sensitive as the optical hygrometer (Mahajan, 1944^)* 
But it indicates approximate % humidity in a much shorter titne than 
the optical hygrometer. . / 
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It is, however, much more sensitive than many other types of hygrometers 
which are commonly used for approximate value of relative humidity, such 
as, hair hygrometers, paper hygrometers, chemical hygrometers, etc. The 
average percentage of error of these hygrometers is ±5 while that of the 
Humimeter is ±2 only. 

0SES 

It is a useful instrument for the factories, workshops and offices, where 
high accuracy is not needed. It can be used for all other general purposes 
as well. 

PRECAUTIONS 

The author has already publisfced some precautions (Mahajan, 1941b) 
for the working of the optical hyj^rometer. The same piecautions should 
also be observed in its working. 

CONCLUv^^IONS 

It is hoped that this instrument will prove useful to the scientific world 
as well as to the public in general. 
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STUDIES IN GLASS SYSTEMS— MAGNETIC SUSCEPTIBILITY 
OF POLAR CRYSTALS DISSOLVED IN BORAX GLASS 

By SUBODH KUMAR MAJUMDAR and RAMA PRASAD BANERJEE, 

(Received for publication^ Nov, S, 7g,;6) 

ABSTRACT. The present paper is an extension of the work done on magnetic 
properties of polar salts dissolved in glass (Majumdar and Saha, 1945) using a magnetic 
torsion balance instead of the Guoy balance Alkali salts like NaCl, LiaS04, 
NagSO* and K8SO4 were dissolved in fused borax and the diamagnetic susceptibilities of 
the dissolved salts determined. The values thus obtained are remarkably large, indicating 
an expansion of the lattice. This conclusion runs counter to that drawn from previous 
measurements of mole-refraction and Xray diffraction. 

INTRODUCTION 

The problem, in what form polar crystals exist when dissolved in a glass 
medium, has been engaging the attention of some workers during the last 
few years. Measurement of mole-refraction of various salts dissolved in fused 
boric oxide and borax glasses have brought out the fact that these salts are 
very strongly deformed in solid solution in glass, as shown by their remark;ably 
small values of mole-refraction and the results in the main support the 
Deformation Rule proposed by Fajans (Majumdar and Sarma, 1942 ; Majumdar 
and Banerjee, 1946). In a previous paper (Majumdar and Saha 1945), the 
results of magnetic susceptibility of alkali chlorides dissolved in borax glass, 
as measured in a Guoy balance, were recorded. As is wellknown the sources 
of error in a Guoy balance are far too many and it is for this reason a more 
accurate method has been employed in this investigation. The magnetic 
torsion balance, first used by Krishnan and Banerjee, (1933) and later modified 
by Datta (1944), has been used to measure the diamagnetic susceptibility of 
the following glass systems : 

NaCl-NaaB407 ; UaSOi-NaaB.OT : Na2S04-Na8B407 and 

K2S04-Na8B407. 

The salt-content of the glasses was determined analytically and their diamag- 
netic susceptibilities were determined from the additivity formula ; 

ioc?(-a — p. ^’i + (ioo-p)x2, 

where x</ represents the mass susceptibility of the glass (experimental 
value), Xi> fhe mass susceptibility of the dissolved salt, 'xa, the mass 
susceptibility of borax, p, the percentage of the dissolved salt and (joo-p) that 
of borax in the glass. 
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PrepUration of the samples, — Lithium sulphate was prepared by dissolving 
lithium carbonate in dilute sulphuric acid and twice recrystallising in vacuum. 
Merck’s Pro Analyse quality of NaQl, Na2S04 and K2SO4 were recrystallised 
once from conductivity water and dried. Pure borax (Merck) was similarly 
recrystallised from its solution in conductivity water and the salts carefully 
dehydrated first 111 an air oven and then in a vacuum desiccator. The samples 
'were prepared by fusion in a plat^um crucible as described in the previous 
papers. 

Analysis of the samples,— For NaCl-NaQB^O 7 system, the chlorine 
content was determined by the following method. Weighed amounts of the 
glass were dissolved in hot water, acidified with nitric acid and excess of a 
standard solution of silver nitrate added. The whole solution was diluted 
to a definite volume (250 c.c.) ; ’50 c.c. was dry-filtered and titrated 
against standard NH4CNS solution, uning ferric alum as indicator. 

The total sodium was determined by taking a known weight of the glass 
in a weighed platinum crucible, treating it repeatedly with a mixture of UK 
and H2SO4 and evaporating to dryness until a constant weight was obtained. 
The sodium, corresponding to NaCl, was subtracted from this and the remainder 
agreed fairly well with the Na2B407 of the glass. 

For the sulphate glasses, the following procedure was adopted. Weighed 
amounts were dissolved in hot water, excess of HCl was added and the 
sulphate precipitated as BaS04 from the boiling solutions. The precipitation 
was carried out by taking the necessery precautions and the precipitated 
BaS04 weighed. 

Determination of the Magnetic Susceptibility of the glass, — The magnetic 
susceptibility of the glass pieces was determined in a magnetic torsion balance 
after suspending them in two suitable liquids of known susceptibilities between 
the flat pole pieces of a powerful electro-magnet.. The expeiiniental piece 
was rigidly attached to one end of a vertical Pyrex glass rod about 15 cm. long, 
by slightly melting the borax glass at one point, the other end of the glass 
rod being attached to the middle of a fine silver wire stretched horizontally 
between a torsion head and a metal chuck. A small lateral displacement 
could thus be given by turning the torsion head. The whole thing was so 
adjusted that the glass piece was roughly at a distance of 3.4 cm. away from 
the edges of the flat pole pieces of the electro-magnet and was, therefore, in a 
non-homogeneous field with the gradient in the horizontal direction. 

The glass piece was first suspended in a liquid of known susceptibility 
and the current switched on. The glass being dia-magnetic was displaced 
laterally along the gradient in a direction away from the field. The reflected 
tight from S mirror on the glass rod very near the experimental piece was 
vfewk thrdogh a tele-microscope and the torsion head turned until it came 
back to the original position. 
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If K, be the volume susceptibility of the glass piece and Ki that of the 
liquid, the force turning the piece from the field is given by ' ; 1 

^A. H.. (K.-Kj), 

ax 

where A is the cross-section of the piece, H, the field strength, the 
rr-direction being the horizontal one. If 0 i is the angle through which the 
torsion head is turned, then this force is where R is the torsional constanf 
of the wire. Hence 


iA.H*. 


dH x 

dx 


(Ke-K,) = R. 


(i) 


If be the angle through which the torsion head is turned while 
immersed in the second liquid of volume susceptibility Kg, then 

A. H*. ^(K.-K2) = R, (?2 ••• (a) 

ax 


Dividing (i) by (2) 


Kc-Kg 0 ^ 


... (3) 


K3, Kg, ^1, ^2 being known, Kr can be calculated from (3). The mass 
susceptibility was determined by multiplying by the density of the sample. 

The liquids selected for immersion were Kahlbauni*s pure pyridine and 
Merck’s diethylaniline freshly redistilled. The values of mass susceptibilities 
of these are respectively —0.623 x io“® and —0.78 x i o'"® and their respective 
densities are 0.982 and 0.934 at 25 °c (the average temperature of the 
experiments). These values are taken from the International Critical Tables. 
Thus Ki and Kg work out respectively —0.612x10“® and —0.78x10“®, 
Wider apart the values of Ki and Kg, the greater will be the divergence between 
0 i and O2 and therefore smaller the experimental error. 

In order to test the accuracy of the method and the purity of the liquids, 
a check experiment was performed by taking a crystal of known magnetic 
susceptibility and suspending it successively in distilled water and the same 
tw’o liquids as before. 

The calculated values compare favourably with the values given in the 
International Critical Table. 


Although both borax and alkali sulphate crystals are optically anisotropic 
(bi-axial), yet the glass was perfectly isotropic as proved under crossed Nicols 
in a polarisation microscope. This may be due to the random distribution 
of the molecules in the glass neutralising the mutual anisotropic ejects. 
They, however, show^ed slight magnetic anisotropy. 

The densities of the glass pieces were determined at the room temperature 
in a hydrostatic balance using nitro-benzene as the suspending liquid, and 
unspun silk fibre for suspending the glass. The density of the sample of., nitro- 
benzene was determined at the rooth temperature by a specific gravity bottle, ir 



22 / 


Magnetic Susceptibitity a/ polar Crystals in Glass 

exprrtmpntai,’ results 

111 the followuig table, the readings of the torsion head are recorded 
in columns 3 and 4 : column 5 gives the value of volume susceptibility 
Kc and the last column g^ives the values of mass susceptibility. 

Tabi.r I 

Magnetic susceptibility data. 


Sample No 

% salt in 
gl.as.s 

1 

inican) 

^4 (mean) 

NaCl-Na, T? 

O- svstein 



I. 

8.97 

84* 

60* 

2.* 

M 85S 

74“ 

6</ 

3- 

15-22 

98“ 

81" 

4. 

16.84 

55" 

46'' 

5- 

17.22 

54" 

46“ 


K r X 10" I 


I 55 
— i.5f> 
-1.58 

— T.636 
— 1.746 


Density 


2.325 

2.282 

2.269 

2.249 

2.303 


Mass suscep> 
tibility x lo* 


— D.6667 
—0.6573 
—0.6965 
— 0.7276 
—0.7580 


lyiaSO, — Na 

1. 

2 . 

3. 

4. 

.system 

7.02 

9-55 

11.50 

12 g8 

65^ 

95" 

71" 

79" 

1 

i 

i 51; 

79 

eo" 

68’ 

—1.392 

— I 610 

- 1.70 
—1.819 

2 381 
2.383 

2 379 

2.379 


Na.SO.— Na 

aB.O, system 






I. 

8 68 

41” 

33 ^ 

— I 473 

2.377 


2. 

10.67 

57“ 

47" 

— I 570 

2 383 


3 - 

13-43 

40" 

34" 

— 1.732 

2-374 


4 - 

15-62 

38- 


- 1.888 

2.436 


5 - 

17-36 

50 * 

44 

— 2.012 

2 377 


6. 

1 

17.71 

170" 

i 5 «‘‘ 

— 2 040 

2.382 

1 

K.SO.— Na, 

,B*07 S 3 ’stem 


j ! 

1 1 

1 

^ 


I. 

5-46 

88“ 

i 

^> 7 ** i 

— I 320 

2 366 


2 . 

8.64 

77 

60® ! 

- 1.370 

2.357 


3 - 

II. 14 

107“ 

S5- 

I 430 

2 356 


4. 

15.38 

123 ’ 

102* 

— 1 540 

2.356 


5 - 

18.42 

9 ^" 

79 ' i 

j 

— I 800 

2.374 


Na-^B^O,— glass 


r • 




I. 

0 

73 5 * 

633^ 

— 1.264 

a 333 


3 '. 

0 

TOO® 

75 * 

— 1.284 

2 372 



~ 0.5846 
— o 6759 

—0.7145 

— o 7643 


—0.6195 
— 0.6591 
- 0.7292 
— o 775a 
— O 8455 
—0.8563 


—0.558 

— o 581 
— o 607 
—0.654 
—0.758 


— 0.5418 
-0.5414 


Tke following table records the values of mass susceptibility and gm.- 
molecular susceptibilities of the dissolved salts calculated from the additivity 
4 — i629P — 6 
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formula, taking the observed values of the susceptibilities of the glass pieces ; 
the value for borax glass which is supposed to remain unaltered is taken as 
-0.5416 X io~®, the mean of the two observed values. These values are 
compared with those of the pure salts. 


Table II 

Mass and gm. -molecular susceptibilities of tlie dissolved salts. 


% salt in 

X obs X 10*’ 

X (of dissolved salt from 

x(of pure salt) 


the glass 

of the glass 

additivity formula) x** X lo'* 

X 10* 

Xm X 10 

NaCl— Na^P 

^Of system 





8.97 

— 0.6667 

- 1-937 

— 1 T 3 - 2 * 

—0.499 

-29.17 

14-85 

“-0.6573 

1.320 

— 77.18 



15-22 

—0 6965 

— 1.559 

— 91.16 



16.84 

—0,7276 

1.646 

— 96.25 



17.22 

—0 7580 

—I 799 

—105.2 



[yijSO* — NaaB^07 system 





1 

7.0a 

—0.5846 

—1.1541 

— 126.89 

-(^38 

—41.77 

9*55 

-0.6759 

—1.9479 

—214.15 



11.50 1 

—0.7145 

—2.0452 i 

— 224.84 



12.98 

—0.7643 

- 2,2574 

— 248.18 



^aaSO* — Na» 

B4O7 system 





8.68 

—0 6195 

-1 4389 

— 204.40 

— f ^'337 

-47.87 

10.67 

— 0.6591 

— 1.6428 

—233 . 37 



13.43 

—0 7292 

—1.9384 

—275.35 



15.62 

—0.7752 

—2.0372 

—289 38 



17-36 

—0.845s 

— 2.2922 j 

—325.60 1 



17.71 

—0 8563 

—2.3186 1 

1 

—329-35 



iCjSO*— Na,B407 system 

i 1 

! 

( 


1 


5 46 

—0.558 

—0.8417 1 

— 146.68 

—0.403 

— 70.22 

864 

— 0.581 

—0.9976 1 

—173.83 



XI. 14 

— o.6c7 

— 1.1286 ! 

—196,67 



15-38 

—0.654 

—1.2724 

— 221.72 



18.42 

—0.758 

—1.7165 

—299.1 




DISCUSSION 

It appears from the results that the values of the susceptibility of the 
dissolved salts in glass as calculated from the addivitity formula are very 
much greater than those of the pure crystals. The variation is much greater 
than is usually found with aqueous solutions. In a subsequen ^ coxnmunica* 
tion this point will be elucidated. 
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The gm .-atomic susceptibility of a dia -magnetic mono-nuclear system is 
given according to the simple Langevin theory by 


X= 


6mc® 




( 4 ) 


where n is the number of electrons in the system, 

is the summation of the squares of the radii of the pi ejected orbits 
ill a plane perpendicular to the magnetic field, c is the electronic charge, 
the mass and c, the velocity of the electron. 

It is apparent, therefore, that an increase in the dia-niagnetic susceptibility 
points to increased electronic orbits or what conies to the same thing, in the 
case under investigation, an enlargement of the lattice of the dissolved crystals. 
That the lattice exists in such systems has been proved by workers in this 
laboratory (Majumdar and Palit,i942, i945, Majumdar, Bancrjee and 

Ba^erjee, 1945.) 


With NaCl the molecular susceptibility is found to vary between —77 to 
— 105 X 10“^’ corresponding to a concentration range between 14.85 — 17.22%, 
the value for the pure salt being only ■“ 28.63 ^ The former values are 

abnormally large and cannot be accounted for by any compound formation as 
the cations in the dissolved salt and the solvent medium are the same. Mole- 
refraction measurements of these salts dissolved in the same glass (Majumdar 
and Banerjee, Joe. cii.) throws an interesting light. The values of RNAn. in 
such systems arc remarkably small indicating a strong deformation 
of the dissolved salt. The slope of the mole-refraction — concentration curve, 
however is not so steep as that of the susceptibility — concentration curve for 
this salt. And this is true for the other salts investigated in this paper. 
A strong deformation would naturally mean a closer packing of the lattice 
with consequent decrease of the spacing, the susceptibility measurements on 
the other hand point clearly to an increase of the spacing. This point was 
sought to be cleared by X-ray diffraction experiments. The preliminary 
measurements of Majumdar and Palit Uoc. cit.) seemed to support such a 
conclusion and this is also supported by theoretical considerations regarding 
the forces operating within an electro-static lattice. The purely electro-static 
(Coulomb) forces between the dial ges as well as the short-distance repulsive 
forces will be decreased by the introduction of a medium of higher dielectric 
constant as borax glass and a new equilibrium will be set up in which the 
spacing will be higher' than in vacuum or in air. But subsequent work 
(cf Majumdar. Banerjee and Baueriec, loc, cit.) did not reveal any apprecia- 
ble change in the spacings of the dissolved salts. 

1 

In the case of the sulphates a very large increase of the susceptibilities 
is noticeable in every case. For LiaSO^, the molecular susceptibility increases 
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from — 126.9 to — 248.2 X 10"® for concentration range between 7.02 — 12.98%, 
whereas the value for the pure crystal is only — 41.7 x io~*^. For Na2S04 the 
increase is from —204.4 to— 329.35 x io“® within the concentration range 
8.68 — 17.17%, the value for the pure crystal being only — 47.8 x io~®, and for 
K2SO4, the values lie between —146.68 and —299.1 x lo"** for the concen- 
tration range 5.46 — 18.42%, the corresponding value for the pure salt being 
only —70.22 X io“^\ Such abnormal increase in the values cannot be explai- 
ned merely by cationic exchange, which, however, is not possible in the two of 
the four cases, namely NaCl-Na2B407 and Na.2S04-Na2B407 systems. 

It is wellknown, however, that a small difference docs exist between the 
values of susceptibilities of salts in dilute aqueous solution and in the solid 
state, as would be seen from the following table. 


Table III 

tlni. -molecular susceptibilities of salts 



Solid 

Aqueous solution 

NaCl 

30.1 

30.8 

KCl 

39- 1 

39.6 

CaCl* 

54-45 

55.6 



- 


The increase, which in no case is more than a few percent, can be easily 
explained as due to the removal of the mutual polarisation of the outer 
electron shells of the ions in aqueous solution, which would naturally increase 
the average value of within the meaning of equation (4). One would, 
therefore, expect to find a still smaller value of Xm , as the deformation of the 
crystal in the glass is still greater. The results of magnetic susceptibility 
determination of salts dissolved in glass therefore run counter to those of mole- 
refraction and X-ray diffraction experiments. 
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SOFT X-RAY K-ABSORPTION AND EMISSION SPECTRA 
OF Mg, AI. Si AND THEIR OXIDES 
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ABSTRACT. The K-absorption spectra of Mg, Al, and Si in pure state and in oxides and 
also their K-eniissioii bands have been taken with a concave crystal (gypsum) spectrograph 
designed and constructed in Prof. Siegbahn’s laboratory. Coincidence of the absorption 
and emission edges in Al and Mg have been studied accurately in the same film by half 
shadow device. The absorption edges for oxides are shifted towards short wavelength side 
^^^th respect to the metal emission bands for the (ixides. For the oxides the t;ap between 
the beginning of the absorption edge and the short wavelength limit of the emission band 
is, according to the Zone theory, the forbidden energy gap w hich has to be correlated w ith 
the order of insulation. 

INTRODUCTION 

The group of papers, of which the present is the first, describes the results 
of examination of the soft X-ray K-absorplion and emission spectra of Mg, 
Al, vSi and their oxides. To interpret the distinctive properties of solid mailer 
in general, e.g., copper (metallic), rocksalt (ionic), carborandum (homO‘i)olar), 
copper-oxide (semi-conductor) etc. a unified theory based on modern quantum 
and wavemechanical conceptions have been developed by Brillonin, Bloch, 
Pcirles and others. On the experimental side the soft X-ray spectroscopy 
of the .solid state, investigated by, Siegbahn and Karlson, J^kinner and 
O’Bryan, Magnusson and Johnson, Farineau and others, throws much light 
on the proposed theory of the solid state. 

Soft X-ray absorption spectra give information relating to those states 
of the solid which in the normal state of the lattice are unoccupied, while 
the emission bands give information relating to those states of the solid which 
are normally occupied. A complete study of the zone structure necessitate 
the investigation both by absorption and emission process. The discrepanc- 
ies of the experimental data of the soft X-ray spectra for different investigators 
will at once suggest a thorough study of a paiticular substance by the same 
experimenter in the same spectrograph. If possible, the absorption as well 
as the emission spectra for a particular substance is to be taken on the same 
photographic film by some half-shadow device. 

Considerable \N ork has already been done on the soft X-ray absorption 
and emission bands. The K-absorption of Mg and Al and 1^2 a absorption 
of Mg were investigated by Sandstrom (1935) Skinner and Johnston (i 937 )‘ 
Skinner and O'Bryan (1940) have studied the L and M emission bands lying 
in the range from about 17 to 300A with ruled grating. Although the 
resolution in the region between 40 to 500A is better compared to the region 
between 5 to 15 A, there is an advantage of studying the K-absorption or 
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emission bands between 5 to 15A compared to the study of L28 bands for 
the same substances between 40 to 500A. 1 he K-emission bands i^roduced 

by the transition of valence electrons to the vacant K level will obviously 
be simpler compared to the L28 bands produced by the transition of the 
same valence electrons to the vacant 1,2 3 levels which are themselves splitted 
and for the compounds of low^ atomic numbers are profoundly modified due 
to the lattice formation. 

EXPKRIMENTAb TECHNIQUE 

The range of wavelengths for the present iiivesitgation stretches from about 
5 A to 1 2A; this region of spectra being highly absorbable in air the wdiolc 
spectrogiaph with crystal, plateholder etc. had to be kept in the same vacuum 
as the X-ray tube itself The bent crystal method enables us to obtain good 
photographs of emission bands as well as absorption edges with natural crystals 
gypsum, mica as grating without a slit the latter being for a long time con- 
sidered as a necessary implement in the apparatus. The principle of focussing 
of the spectra is the same as in Rowland's grating. X-ray from anti-cathode 
passing through a 4 mm aperture forming a divergent beam strike the bent 
crystal and are focussed to a point on the Rowland's circle. The bent crystal 
with a portion of the Rowland's circle known as the 'cassette ' moves as a whole 
about an axis passing through the centre of the crystal. The cassette with 
the crystal holder can be rotated by a pointer from outside without disturbing 
the vacuum of the spectrograph for suitable angles for different wa\eicuglhs. 
Sandstrom (1935) has calculated the broadening of the spectral line for various 
causes and has showm that apart fiom other factors, it increases with the 
square of the effective reflecting surface of the bent crystal. This defect is 
generally met with a spectrograph of large radius and small cry.stal width. 
In the spcctiograph used the Row land's circle has got a radius of 250 mm and 
the crystal is bent to an arc of radius 600 mm. Between the two curved steel 
pieces (500mm radius) is placed a thin slice of a single crystal of gypsum of 
about 0.5 mm thickness and the bending is effected by screws attached to 
the steel piece. The reflecting surface of the crystal has been limited by 
controlling the width of the diverging X-ray beam by an wedge moving at 
right angles to the crystal surface. In the present investigation the spectrograph 
wasused betw een glancing angles 20°-5o‘". The maximum possible broadening as 
calculated by Sandstrom was found to be ’05 X.U w ithin this range of angles 
which is of little importance to us as the experimental errors for measuring 
broad bands are larger than this value. The lattice constant and the refrac- 
tive index of bent crystal could not be determined directly and the value 
of the same for the unbent crystal has been used. The change in the 
spacing value due to bending has been discussed by Sandstrom and the ratio 
Ad„ dn where dn is the spacing of the nth order was found to be practically 
constant for all orders of reflections. The error due to broadening is in the 
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fourth place of the *d* value and decreases rapidly with the higher orders. 
In the same paper other i)ossible errors of secondary importance, e,g- due to 
any flaw in the bending of the crystal, due to difference of penetration of the 
higher order reference lines into the photographic film and the like, have been 
discussed. These probable errors arc always less than the experimental 
limit. The anti-cathode which is water cooled and the cathode which is a 
‘dull emitter’ consisting of oxide coated platinum wire face each other inside 
a light-tight enclosure fitted with a slightly tapering cone of about 2 cm. 
in length and 4 mm aperture to allow X-iays to be admitted to the spectro- 
grai*h. A thin piece of Al of thickness about 0.5/A is generally used for cover- 
ing the aperture to protect the film from the glow of the filament. A good 
oxide coating has been prepared with BaO and SrO taken at a definite propor- 
tion and the coating on the filament lasts for about 30 hours. 

The dispersion in this region varies from 0.2 to 0.7 volt/mm. It was calcul- 
ated in every case for the particular region under investigation by taking 
suitable reference lines. In some cases reference lines of higher orders have 
to be taken and this generally increased the background radiation to such 
an extent that finer details of soft X-ray absorption and emission bands w’ere 
completely lost. In order to avoid this difficulty the film was carefully half 
covered when the line in question was photographed in the other half. To 
calculate the wavelength for the higher order spectra the corresponding 'd* 
values for the gypsum and wavelengths for reference lines were taken from 
Siegbahn’s ‘Spectroscopy der Rontgenstrahlen.' 

Preparation of absorption screens : In taking absorption spectra it has 
been noticed that the suitable thickness and the quality of the absorbing 
screens are essential for having a good photograph. Based on absorption 
laws of Jonsson, Sandstrom (1935) derived a formula for calculating the 
optimum thickness of screens so as to have the maximum difference between 
the intensity on each side of an edge, but this can be taken as the low^er limit 
of the screen thickness. From experience it has been found that fine struc- 
ture details come out better if the thickness of the absorbing screen is too 
small while a greater thickness is necessary to liavc a prominent primary edge. 
Films of different samples were made by different suitable processes and there- 
fore it was difficult to determine the actual thickness of the, film Metal films 
of Mg and Al were prepared by rolling process whereas oxides were coated 
on a thin film of celluloid. 

Aluminium . — Six pieces of Al, each of thickness of about 0.5 /*, gave only 
a prominent absorption edge, while with three i)ieces three secondary absorp- 
tion edges are clearly visible on the film. 

Magnesium . — A rod of pure metallic Mg was rolled and the film thickness 
was found to be too great. This was then scrapped with a fine blade and a 
fairly uniform film could be made which have a prominent primary edge. 

SiHc on and Al30a.~Very fine powders of metallic Si preserved in sealed 
tubes was thoroughly mixed with a large quantity of a solution of celluloid 
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in acetone and spread over a ground glass. Acetone soon evaporates and the 
thin film of silicon in celluloid sticking to the glass is removed by adding 
water and dried in vacuum. The film for AlaOa was also prepared in a similar 
way. 

MgO. — For MgO pure Mg was hiarnt in air and MgO smoke was allowed 
to deposit on an A1 foil of thicknesslD.5 fi. 

Photographic film , — Single coald|i Agfa lyaue film used by workers in 

this region was not available in market due to war censor. Fine grain 

cinema films used for sound track ittiotography was found suitable for the 

purpose. The grains are remarkably fine for good microphotometcr work 

^ . . 

though the speed is much less than ftat of the sensitised Laue films. 

f 

GENERAL INTERPi|bTATION OF RESULTS 

I 

According to the theory of solidf, all the energy levels of an atom, parti- 
cularly the valency ones, are greatly modified by the interaction of neigh- 
bouring atoms in the lattice and as a result these levels become broad. The 
broad valency levels may sometime overlap with the next possible higher one. 
The combined level thus formed is now filled up with electrons according to 
Pauli-principle up to a certain limit and the rest is empty. This limit which 
demarcates the two portions of the combined level is known as Fernii-surface 
which is veiy sharp at ordinary temperature and is usually denoted by energy 
maximum The beginning of the band is, however, represented by Eo. 

It is evident that the intensity of any emission line, corresponding to tran- 
sition of electrons from the valency shell to a deeper vacant level, will suddenly 
vanish at Emax where the absorption edge of the atom in the crystal will just 
begin. The theory of solid metal correctly interprets the general experimen- 
tal observations on both the emission and absorption spectra in the soft X-ray 
region. Further, it is found that the emission edges of the elemement of the 
second group of metals in the E series are very sharp and are of the order of 
i/ioe.v. suggesting the sharpness of the Fermi-surface, whereas the same 
surface as measured from K- emission spectra for those elements varies from 
2 to 4 volts. It has been pointed out by Ray and Bhowmik (1941) that the 
K-eniission edge is partly modified by the absorption of general radiation 
by the inner surface of the anticathode and has been verified by the author 
in the case of Mg and A1 by taking emission band at high and low voltage 
of excitation. 

K- valence emission band of Mg, A1 and Si and the absorption edges of 
these elements were studied under similar conditions that is the effective 
surface of the reflecting crystal, the aperture of the incident radiation, the 
slit system of the micro-photometer were kept constant. In the cu^es Fig. 
2(a), (b), (c) maximum blackness on the plate, Le., peak pf the emission band 
Imax of all the spectra was taken as a standard at a definite length and 
corresponding points on the emission lines were necessarily altered in the 



230 


K. Das Gupta 


same ratio. In the absorption spectra the niaximum difference in blackness 
before and after the absorption was similarly taken'at the same length a® in 
.emission curve. The other points were then plotted as before. The abscissa 
is drawn on the voltage scale. It will not be out of place to mention here 
that Imn* in the intensity curve is necessarily different from Enmx, the latter 
depends on the energy value of the Fermi-surface of the combined level 
whereas the former is related by the following equation : I=sN(E)./(H), 

where N(E) denotes the density of states and /(El the transition probability. 
Thus intensity will be maximum when N(E)./(E) is maximum and it will 
be zero just after Em ax where there are no electrons. 

In the emission process an electron is knocked out from inner shell 
into the vacancy, transition of an electron from the continuous band of 
filled valence levels may occur. This gives accurately the characteristics of 
the N(E) curve over the region of filled levels. Before the emission process 
the lattice lias all its normally occupied states filled except that there is a 
vacancy in the inner shell. The energy of the initial state is therefore sharply 
defined within the limits of the breadth of the inner level. After the 
emission an electron may be missing from any of the levels of the filled 
valence electron band. ,While in the case of absorption we are simply con- 
cerned with the probability of transition from the inner level into one of the 
vacant levels. The characteristics of the N(E) curve for the vacant levels 
will obviously be reflected in this absorption curve. 

The photometer records of absorption spectra for Mg, Al, Si and their 
oxides are given in Fig i. The point of interest in the experiment was to 






’ Photomelety ir^cords of K-Absorp^tion spectra of Mg, Al, Si and iheir oxides, 
in X.V; 
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investigate the exact position in the wavelength scale of the beginning of K — 
absorption edge of Mg, AI, and Si and to compare this with the short wave- 
length limit of the emission edge In the first set of experiments the 

emission and absorption photograpli^ were taken in different photographic 
films and it was really two differentjsettings of the spectrograpli. In order 
to have a more decisive result, th|^ crystal angle was kept same in both 
emission and absorption experimen^, and the lower-half of the photograpliic 
film bent round the Rowland's circl| (cassette) was first covered by a rectan- 
gulai strip of metal and emission ba|id was taken on the iii>per part of the 
film. In the next set of absorptilwi experiment, the upi>er portion was 
covered similarly and the absorptioii' edge was recorded in the lower portion 
of the same film. This was necesi^ry because a slight variation of pressure 
over the film could alter the pos^ion of the film relative to the Rowland s 
circle. In this way we got on the Wime film both K-absorption edge and 
K-fi emission band of Mg, Al, and under the same condition. 

The film was then etched by a fine blade so that the scratch is parallel to 
the sharp emission lines which are also present along wdth emission bands. 
The scratch, the emission lines and the absorption edges were ail made parallel 
to the vertical slit of the micro-photometer. 

First the photometer lecord of the emission band was taken along with 
the scratch which was recorded as a sharp peak, then the absorption edge was 
taken by lowering or raising the film by a simple mechanism without 
disturbing the film and this time also the fine scratch of blade on the film 
gives a peak. Now it was seen that the position of the peaks, t.e., fine 
scratch does not alter in the two cases showing thereby that there is no lateral 
movement of the film when it is simi>ly laised or lowered. 

From several such experiments it was found that decidedly there is no 
lateral shift in the two sets of photometer records, i.c., on the bromide paper 
on which record is taken the jieaks for the fine scratch come on the same 
position. The micro photometer record thus consists of .superposed emission 
and apsorptioii spectra, the dispersion and magnification foi the two being the 
same* From the sui^erposed spectra it is evident that absorption begins 
definitely at a longer wavelength than the wavelength corresponding to the 
most intense (Imax) part, i.e., peak of tJie emission band and at a still more 
longer wavelength than the wavelength corresponding to Fmnx of the emission 
band. The experiment was repeated several times. 

Beginning from the long wavelength side we have marked three important 
positions of the emission band. First *Ko* I^ig* 2(a) which corresponds to the 
beginning of the band on the longest wavelength side, i.e.* X-ray produced 
by the transition of electrons from the bottom of the filled conduction band to 
the inner shell. The second point marked, is named as Ima» corresponding to 
Intense peak of emission band, i.e*, when N(E) x /(E) ' is maximum. The 
third point marked in the emission band is Emw corresponding to the 
shortest wavelength of the emission band, i.e.t according to the theory 
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corresponding’ to the transitions of electrons from the Fernii*surface to the 
inner shell. 

In the absorption spectra we have also marked the three points viz^, the 
beginning B and end L of the absorption curve and middle portion K where 
usually primary edge K is measured. Absorption begins at the longest 
wavelength . corresponding to the energy required to transfer a K-electron 
to the bottom Jof the empty zone or just after the Fermi-surface where there 
is no electron. ' The K-absorption edge and K-valence emission band taken 
carefully on the same film ' clearly show that absorption begins at a much 
longer wavelength than Imax of the emission band in the case of Mg, Al, 
and €i. 



1m is the peak of the K-emission band of Mg and B is the beginning of K-absorption 
for short period exposure and P is the same for long exposure. It is the end of absorption 
curve for long exposure and S the same for short exposure. Km is the short wavelength 
limit of the emission band. The point P is one volt from Ik on the low energy side. E is 
emission edge coincident with'absorption edge. 

Magnesium and Aluminium . — The absorption curves for magnesium and 
aluminium are given in Fig. i, in magnesium one secondary edge and in 
aluminium three prominent secondary edges have been obtained. The 
breadth In— E m in Mg emission band is 2 volts and in Al it is 4.5 volts Fig* 2(0) 
and 2(b). The position of Emax tliat is, Em in the figure is, howeveri uncertain 
as it depends on the time of exposure and this has been shown to be due 
to the absorption of general radiation by the inner surface of the anti-cathode 
and can be sometimes avoided by taking emission band at a low exciting 
voltage of the tube* The dotted and continuous lines near the end of the 
afasoiption curve are found to occur under short and long exposures 



K-Abaorption and Emiaaion Spectra of Mg, Al, Si, etc. 233 

respectively. The difference between them for is i.8 volt. Altogether 
five absorption photographs were taken both for Mg and Al, having different 
time of exposures and it has been found that the beginning of the absorption 
B, ue*, the bending of the absorpti<in curve also shifts towards the short 



Fig. 2(6) 

Ik is the peak of the K-emission band of Al and B is the beginning of K-absorption for 
short period exposure and P the same for long exposure. Rm is the short wavelength limit 
of the emission band. 1 / is the end of the absorption curve. The point P is about i volt 
from 1m on the low energy side. K i.s emission edge coincident with absorption edge. 



Imis the peak of K-etntsdjn baud ofJSi and B the beginning of K absorption. Mh is the 
short wave limit of the emission band and V the end of the absorption curve. The point B 
is sboiit one volt from 1m on the low energy side. B is the emission edge coincident with 
the mhsorptkm edige. 
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wavelength side with prolonged exposure. This is shown in Fig. a(a), a(6). 
The photometer record of Mg emission band superimposed on Mg absorption' 
curve taken on the same £lm by half -shadow device and the same for A 1 is 
given in Fig. 3. From repeated experiments it is seen that absorption begins 
at least one volt before Im, the peak of the emission band, on the long 
wavelength side, both in the case of Mg and Al. 


1m 



Micro-phototticter record of absorption and emission curves taken in the same film by 
half-shadow device. Ik Is the peak of the emission band and I* is the beginning of 
absorption. 

According to the solid theory of the metals the combined level is filled 
up with necessary electrons according to Pauli-principle, an electron from 
the K shell cannot find any place within the limit Eo to Em. The experiment 
shows that absorption surely begins before Em, in other words the total number 
of /^-electrons allowed by Pauli-principle which are responsible for K emission 
band is not actually present in the combined ij>ortiou of s, p zones of Mg in 
the ^lid, at least under the experimental condition The absorption experi- 
ment shows that ‘f? '-electrons can be accomodated in the ‘/>’-band even within 
the overlapping portion of ^s,' ‘p’ zones, but the imniber of such /^-electrons 
is found to be small (as estimated from absoiption intensity) inside the deepest 
-level and it gradually increases till Em is reached, just after which the 
absorption becomes maximum. It is interesting to note that Skinner (1940), 
from observations of the kinks in L28 bands, suggests that an overlapping 
between *s*, ‘p’ zones in Mg solid is of the order of 2 volts. According 
to us it is of the order of 3 volts or more. 

The total width of the p level in the crystal where K electrons can be 
accomodated, as measured from the K-absorption edge (including the over- 
lapping position) in Mg solid, is 9 volts and 7 volts for long and short 
exposures respectively. It is found that the middle portion of the absorption 
edge coincides with that of the emission edge. The suggestion w'hich has 
been made in Mg spectra may also be applied in the case of Al. Skinner 
finds that tEe overlapping of V' aones from Xss band spectra is of 
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the order of 3 to 4 volts in the case of Al and according to oiir absorption 
result in Al the overlapping is of the same order, /.e., 3 to 4 volts. The total 
breadth of the p* band from absor; itiOn edge is g volts and j i volts for short 
and long exposures. 

Silicon In the case of Si m(|gtal K-emission band is always associated 
with a weak K band of Si in Si02.| The peak of K band of metal is at 
6731 X.U. and of Si02 is 6746 X.fJ. The emidrical band width of Si metal 
is 14 volts. Uncertainly for the position of Em is introduced, as in the case 
of Mg and Al, due to anti-calhode al|$orption and on the long wavelength side 
due to superposition with K band of in Si02* the long wave limit is difficult 
to be determined. i 

i 

In the absorption spectra of metal there seems to be on the longer 
wavelength side a faint edge and it is liifficult to find out the position of the 
edge (see Fig i). In Fig. 2(c) the K-emission band of Si metal is drawn on the 
same scale, as stated previously along with the prominent primary K-absorp- 
tion edge. As in the case of Mg and Al the middle portion of both emission 
and absorption edge do coincide, marked E in the Fig. 2(c). The absorption, 
however, begins one volt before Im, the peak of the emission hand. 



Im is the peak of K-etnission band of MgO and Em is the empirical shr>rt wave limit of 
emission ^band, neglecting the weak band at short wavelength end. B| and B| are the 
beginning of primary and secondary edges respectively. 

Magnesium Oxide. — The absorption curve photometer ' record is shown 
in Pig. I. Th^ edge Mg in MgO shifts towards the short wavelength side 
with respect to K edge of metallic Mg and absorption 1 begins at a shorter 
wavelength than emission end Hm* The difference between the K.'absorption 
edge and In the peak of the emission band is 9 volts Pig. 4(a)* An ultra-violet 
ab^ption band of this order is to be expected for MgO. This difference 
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between the beginning of K-absorption and Em is the width of the forbidden 
zone, and is equal to 3.4 volts. This value is unreliable due to uncertainty 
in the position of Em caused by the presence of a weak band at the short wave 
end of the main band. A faint edge due to metal is present in MgO absorption 
spectra. 

Aluminium Oxide . — In AlflOs Fig. 4(b) the gap K edge Im is 12.4 volts, 
an ultra-violet absorption band of this order is expected. The forbidden 
energy gap B-Em is 4.2 volts. A faint edge due to metal is present in the 
spectra of Al2C)3 as in the case of MgO. A weak secondary edge has been 
obtained which is too weak to be accurately determined. 



Ih ij^ the peak of the K-emission band A 1 in A1203 and B is the beginning of K-absorp- 
tion. Reduced emission band width is equal to the total K band width of oxygen in AI3O3 
(Skinner) Fig. 5. The width of the forbidden zone measured from Bm is about 4,7 volts. 



Ki and K} are two absorption edges of Si in SiOj. Bdge Kf is more prominent. 1m the 
peak K-emission band of Si in SiO|. and B3 are the starting point of the two edges. 
Eu dotted signifying uncertainty of position 

Silicon Dioxide . — ^Two prominent absorption edges have, been obtained 
in the case of SiOe* Bpth edges are shifted towwds the shbiter wavelength 
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side compated to the edge of metallic silicon. In Fig. 4(c) the oxide edges 
along with the emission band of Si in Si02 are drawn on the same scale. The 
first absorption edge Ki is less prominent than the second edge K^. The 
energy difference between the peak Im of the emission band of Si in SiO^ with 
edges Ki and K2 of Si02 aie 12.5 and 3^7 volts respectively. The forbidden 
energy gaps Bi-Eir and B2-Hif are 4 volt 9 |and 28 volts respectively. 

For various polar and seini-i)olar compounds the difference K-Im has been 
found to agree well with the ultra- violet Itbsorption bands and will be discussed 
in another paper. The difference B-Em 1$ a measure of the order of insulation 
of the material. The total breadth o^ithe absorption edge in oxide is always 
lower than the corresponding value in ^etal while in emission spectra they 
are found to be of the same order of i|iagnitude. Secondary edges are more 
prominent in oxide compared to those ol|tained in the case of metals. 


(In electron volts) 

Mg. 

MgO 

A 1 

A 1 , 0 , 

Si 

SiO, 

Total breadth of 
absorption edges : 

7.0 

3.0 

9.0 

5.5 

8.0 

5 (Edge K.) 
8(Edge K.) 

Total breadth of 
emission bands? 

II.O 

12.0 
*10 0 

12.8 

16.0 

* 13-0 

14.0 

14.0 

*13.0 

Absorption edge- 
Kmission peak : 

1.2 

9.2(Ki-Im) 

I 3 - 5 <K- 2 Im) 

2.4 

12.8 

2.0 

j 2.5 (K, -III) 
3 I. 7 (K.-Im) 

Beginning of absorption 
— short wave limit of 
emission band. B-Km 

1 

i 

3 . 4 <R,Bm) 

7 . 7 (Ba-EM) 

1 


4.2 


4 »oiBi-Eiii 

28o(B,-Eh» 


* Reduced empirical width after Skinner. 


The K band width of oxygen in various oxides taken by 0 *Bryan and 
Skinner (loc^ cit.) is greater for semi^polar compounds MgO» AI2O3, Si02» 
B2O5 etc. and less in the case of more polar crystals e.g. EisO. 

The width of valence emission band depends on the amount of overlapping 
of zones. In a compound of R^, X"” type there may be three types of over- 
lapping ; between R'*' a]|<|^^.R^ , X*^ and X” and between R^ and X“. Over- 
lapping between R^ and and X*" and X"" depends on the ratio of the ionic 

diameters R**'/X~. If the size of the negative ion is large compared to that of 
the positive ion then X*, X" overlapping will be predominant and vice versa. 
The amount of broadening due to overlapping of R^ and X” will of course be 
prominent according to the degree of polarity of the crystal. In oxides if a X 
electron of oxygen is knocked out the vacancy may be filled up by the transition 
of electron from the valency band, whether it is attached to the positive centre 
or negative centre. Thus an electron attached to positive ion can fill 
up the vacancy of the K shell of negative ion and similarly a vacancy of K shell 
of positive ion may be filled up by the transition of electrones round the 
negative ion. The above suggestion implies that the K band width of oxygen 

6-' — r629P-— 6 
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in an oxide should be equal to the K baud width of metal ion in the same 
oxide. 



Fig. s 

Photometer records of K bands of oxygen from MgO, Al^Oj and Si 02 O’Bryad and 
Skinner ( 1940 ). Dotted line curves are K metal emission bands of oxides drawn on the 
same scale. 

Our experimental data on the total K band width of Mg, A 1 and Si in 
their oxides agree with the K band width of oxygen obtained by Skinner. 
In Fig. 5, oxygen K band for MgO, AI2O3, SiO, are drawn on the same 
scale along with the metal K band. Of course much uncertainty is introduced 
due to the presence of weak bands at both ends, as well as, due to the tailing 
effect. In a separate paper the total band width of constituent elements of 
compounds which are polar, semi-polar and homo-polar will be discussed in 
detail. 
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